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I I I 
INVESTIGATIONS INTO THE SYNTHESIS AI^ D 
PROPERTIES OP INDENOPYRIDINES, 
By Angela Sugden A p r i l 1993. 
Abstract 
Two novel routes have been in v e s t i g a t e d . C y c l i s a t i o n of 
enamidoindenes by the Vilsmeier-Haack formylation was 
not possible because the condensation between indanones 
and acetamide,under acidic conditions, did not a f f o r d 
the desired monomer but instead two dimers,reported * 
previously, v/ere observed.The two routes by which these 
dimers maybe formed v/ere thoroughly investigated and led 
to the synthesis of three novel compounds and a known 
compound, truxene. 
Omission of an acid c a t a l y s t afforded 2-acetamidoindene but 
not 1-acetamidoindene. 
Since commercial 2-indanone was found to be impure by TLC 
and melting point,a sample was synthesised using a 
l i t e r a t u r e method. Pure 2-indanone f a i l e d to react w i t h 
acetamide. I t seemed that 2-acetamidoindene was produced 
vie an i m p u r i t y i n commercial 2-indanone and then only i n 
poor y i e l d . Attempts to i d e n t i f y the impurity were 
unsuccessful. 
The thermolytic V/olff rearrangement of benzfh"]quinoline-
5, 6-diazoketone to benzyl 5H-indeno£l, 2-b']pyridine - 5 -
carboxylate i n i t i a l l y proved promising.Many products were 
observed but none were i s o l a t e d i n s u f f i c i e n t p u r i t y f o r 
spectral characterisationo 
The p h o t o l y t i c Wolff rearrangement of 9-diazo-10-phenanthrone 
gave 9H-fluorene-9N-tertbutylcarboxamide whose physical 
properties,which were previously unknown,v/ere recorded. 
Rearrangement of the p y r i d y l analogue appeared promising. 
Spectroscopic data indicated the desired products, but 
i s o l a t i o n of pure compounds was not achieved. 
Using a published synthesis, 5H-indeno£l,2-b]pyridin-5-one 
was made and reduction,by two separate methods,afforded 
the methylene compound.Prom these s t a r t i n g materials twenty-
two novel compounds were made.Per example, reduction of the 
ketone afforded the known alcohol (RS)5-hydroxy-5H-indeno 
[l ,2-b] pyridine.Grignard reaction afforded the novel compound 
5-hydroxy-5-phenylindeno [ l ,2-b] p y r i d i n e . 
The two substituted oximes, 5 H-indenotl,2-bl pyridin - 5-one 
2-chlorobenzyloxime and 2 , 4-dichlorobenzyloxime v/ere 
prepared.Reduction of the known 5H-indenof 1, ?.-b\ pyridin - 5-one 
oxime afforded 5-acetamido-5Ii-indenof 1, 2-b] p y r i d i n e . 
S u b s t i t u t i o n reactions afforded the known 7-bromo- and 7 , 9 -
dibromo-5H-indenofl,2-b] pyridin - 5-one. Dibromo- and tribromo-
5 H-indenofl, 2-blpyriiiine v/ere prepared,as confirmed by 
mass spectrometry.The novel 6 ,7 ,8 ,9-tetrabromo -5H-indeno 
,2-b^ pyridine was obtained pure and f u l l y characterised. 
The n i t r o - derivatives of the ketone and methylene compounds 
were prepared. Reduction of these compounds afforded the 
amino- derivatives which were diazotised to give the 
corresponding hydroxy- d e r i v a t i v e s . 
Novel oximes of the 7-bromo- and 7-nitro - 5 H-indeno [ J l , 2-bI-
pyridin - 5-one derivatives were synthesized and then reduced 
to the corresponding 5-acetamido- d e r i v a t i v e s . 
7-nitro-5H-indeno£l,2-b] pyridin - 5-one when reduced,gave the 
unexpected 5 ,7-diacetamido- d e r i v a t i v e . 7-acetamido-5H-
indenofl , 2-b)pyridin - 5-one was also prepared. 
The known U-oxides of the ketone and methylene compounds 
were produced, as well as the novel N-oxides of the n i t r o -
derivatives of 5H-indenoCl,2-b] Py^i^i ^ - 5-one and 5H-indeno 
D t ^ - b l p y r i d i n e . 
From fluorene, 9-butyl, 9-propyl and 9-phenyl -9-liydroxy-
fluorene were prepared by Grignard reaction.Reduction of 
fluorenone using t r i e t h y l s i l a n e gave, unexpectedly, 9 , 9 ' -
b i f l u o r e n y l . 
The structures of knov/n and novel compounds were confirmed 
by spectroscopic methods in c l u d i n g , H NMR , i n f r a r e d 
spectroscopy, mass spectrometry, melting point and TLC. 
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chapter 1 . Nomenclature of Indenopyridines. 
Indenopyridines, whose general structure i s shown below, 
are t r i c y c l i c fused nitrogen-containing systems. 
The p o s i t i o n of the nitrogen atom i n the pyridine r i n g 
varies to provide 4 isomers as shovm below ( t r i v i a l names 
i n parentheses )• 
( 1) 9H-indeno [[2,1 -b^ pyridine (1 -azafluorene) 
(2) 9H.-indeno 2 , 1 - c j p y r i d i n e (2-azafluorene; 
(3) 5H-indeno^1,2-c pyridine C3-azafluorene) 
(4) 5Ii-indeno j ^ l , 2-b] pyridine (4-azafluorene) 
The indenopyridine r i n g system can be described using two 
systems of nomenclature. 
1. Using t r i v i a l nomenclature fluorene i s considered to 
be the parent; the p o s i t i o n of the nitrogen atom i s 
indicated by the locent number.In each case, the series of 
locant numbers s t a r t s , i n the p y r i d y l r i n g and terminates at 
the methylene bridge; the numbering system i s analogous t o 
that used f o r fluorene. 
2. An a l t e r n a t i v e systematic approach to the nomenclature 
of the indenopyridine r i n g system i s based on the fusion 
method.' The i d e n t i f i a b l e components of the system are 
indene (5 ) and pyridine (fe ) 
The relevent lUPAC rule on nomenclature indicates that' the 
heterocyclic moiety takes precedence over the indene 
moiety as the base component, leading to the name 
indenopyridine. 
For each isomer, the r i n g j u n c t i o n i s specified i n pyridine 
by the use of the l e t t e r s a,b or c, corresponding to the 
1,2 2,3 or 3,4 bonds ( a l l r e l a t i v e to the nitrogen atom). 
Junctions i n the indene component are indicated using the 
numbering system approved by I.U.P.A.C. 
A fusion s i t e between the attached component and the base 
component can then be specified by placing the appropriate 
numbers and l e t t e r s (separated by a hyphen) inside square 
brackets between the attached and base components. 
Using t h i s system 4-azaf luorene ( i*- ) i s named as 
5H-indeno^1,2-b pyridine. 
Although the t r i v i a l name , azafluorene, i s s t i l l widely 
used i n the l i t e r a t u r e , the fusion system of nomenclature 
w i l l be used throughout t h i s thesis, as i l l u s t r a t e d on 
page 1 . 
Chapter 2. H i s t o r i c a l . 
The e a r l i e s t reported synthesis of an indenopyridine 
appears i n 1883 when Skraup and C o b l e n z^ obtained 
9iL-indeno 2,1-bj pyridin-9-one (7 ) and 5H-indeno 1,2-b -
pyridin-5-one (8) by the oxidation of b e n z C^lquinoline 
and b enzCb^quinoline respectively. 
I n 1948 , Kruber and Rappennoted the presence of an 
indenopyridine i n coal t a r d i s t i l l a t e s . They i s o l a t e d 
and i d e n t i f i e d 5H-indeno 1,2-bJpyridin-5-one C8) as a 
component of the quinoline base f r a c t i o n of anthracene 
coal t a r . Oberkobusch^ i s o l a t e d 10-azafluoranthene (9) 
b y - d i s t i l l a t i o n from coal t a r p i t c h and oxidised i t w i t h 
potassium permanganate to obtain a mixture of 
5H-indeno 1,2-b pyridin-5-one-6-carboxylic acid (10) and 
9Hjindeno 2,1-bj pyridin-9-one-8-carboxylic acid (11) ; 
subsequent decarboxylation gave the corresponding 
indenopyridones (8) and (7; repectively .Scheme 1. 
Scheme 1 
I n recent years, reports have appeared i d e n t i f y i n g 
5H.-indeno 1,2-b pyridin-5-one (8) and 5H.-indeno 1,2-b -
pyridine (4) i n the environment. Examples are the atmosphere**, 
lake sediments , shale and I r a n i a n crude o i l , Anthracene 
o i l (basic fr a c t i o n ) * * end ci g a r e t t e smoke condensate'°. 
A search of the l i t e r a t u r e indicates that none of the 9-
isomers have been i d e n t i f i e d i n the environment. 
The main source of indenopyridine compounds i n the 
environment are those associated w i t h the combustion and 
processing of those f o s s i l fuels which possess a high 
concentration of nitrogenous compounds. 
5JirIndeno 1,2-b pyridine-5-one (8) was never considered to • " J 
be a n a t u r a l l y occurring compound u n t i l i t was i s o l a t e d 
from unychopetelum amazonicum by deAlmeida' i n 1976. 
Since t h i s date several n a t u r a l l y occurring indenopyridines 
have been i s o l a t e d end i d e n t i f i e d , t h e i r structures being 
based on the 5ii-indeno 1,2-b pyridin-5-one 'skeleton' ; 
these are the subject of Chapter 5. 
Chapter 3> Reactions and Properties of Indenopyridines. 
Of the isomeric indenopyridines, 9H-indeno 2,1-c pyri d i n e 
(2) has been the most thoroughly studied. 
5iirindeno 1*1,2-bJ pyridine (4) and 5Ii-indeno 1,2-c p y r i d i n e 
(3) have received very l i t t l e a t t e n t i o n i n the chemical 
l i t e r a t u r e . 
The reactions of indenopyridines and indenopyridones can be 
grouped i n t o four main areas -
a. E l e c t r o p h i l i c Aromatic S u b s t i t u t i o n i n the homonuclear 
r i n g . 
b. Reactions i n the heterocyclic r i n g . 
c. Reactions of the methylene group. 
d. Reactions of an oxo group at the bridge carbon. 
As V7ith fluorene and i t ' s derivatives , area d has received 
most a t t e n t i o n . 
a> E l e c t r o p h i l i c S u b s t i t u t i o n i n the Homonuclear r i n g . 
Several workers have prepared n i t r o - and halogen 
derivatives of indenopyridines. 
1. N i t r a t i o n . 
The n i t r a t i o n of 9ii-indeno 2,1-c pyridin-9-one (12) by 
Perin-Roussel and Jacquingnon gave the 7 - n i t r o compound 
i n 70% y i e l d . Scheme 2. 
scheme 2 
The n i t r a t i o n of 1,3-dimethyl-9H.-indeno 2,1-cJpyridin -9-one 
(13) gave a good y i e l d of a mono n i t r o - d e r i v a t i v e ' ^ ( 1 4 ) . 
From analogy wit h the formation of 2-nitrofluorenone from 
fluorenone by n i t r a t i o n under comparable conditions , 
compound (14) was named 1,3-dimethyl -7-nitro -9H_-indeno 2,1-cJ 
pyridin - 9-one (14). 
Reduction of the 7 - n i t r o - compound (14) gave the 7-amino-
compound (,15) , i n good y i e l d .Scheme 3 . 
Scheme 3 
Kahn et a l have n i t r a t e d 9-acetamido-1,3-dimethyl-9Hr 
indeno 2,1-c pyridine (16) to a f f o r d the 7 - n i t r o -
de r i v a t i v e 0 7 ) i n good yield.Reduction of (17) w i t h zinc 
dust i n acetic einhydride yielded 7,9-diacetamido-1 ,3-
dimethyl-9H;-indeno^2,1-c pyridine (18).Scheme 4 . 
NHC0CM3 
(16) 
(17) 
CCH3CO>tO 
(18) Scheme 4 
There have been no reports of the n i t r a t i o n of the 
hydrocarbon compound - 9Hrindeno^2,1-cjpyridine ( 2 ) . 
15 
2. Helogenation. 
Mlochowski and Szulc have prepared several bromo 
derivatives.Reaction of 5ii-indeno 1,2-b pyridin-5-one (8) 
wi t h N-bromosuccinimide (NBS) i n a 1:1 r a t i o afforded the 
mono-bromo d e r i v a t i v e . Under more vigorous conditions the 
dibromo- and tribromo- derivatives were obtained.Scheme 5 
2. hours 
IS*/. 
Scheme 5 
8 
Tilth 9 H r i n d e n o 2 , 1 - b J p y r i d i n - 9 - o n e ( 7 ) , the monobromo-
d e r i v a t i v e was obtained i n 53% y i e l d , the t r i b r o m o -
d e r i v a t i v e i n 64*^ 5 y i e l d (Scheme 6 ) 
6/ 
Scheme 6 
When a s i n g l e s u b s t i t u e n t ( -NO2, -Br) e n t e r s an 
indenopyridone compound, i t s u b s t i t u t e s a t the C-7 
p o s i t i o n . T h e r e have been no r e p o r t s of: n i t r a t i o n 
o r h a l o g e n a t i o n of the corresponding i n d e n o p y r i d i n e s . 
There i s ' l i t t l e evidence of d i r e c t b r o m i n a t i o n of the 
methylene compounds i n the l i t e r a t u r e . I/llochowski and 
Szulc*°only obtained 7-bromo -5 i i-indeno 1 , 2 - b J p y r i d i n e 
by r e d u c t i o n of the 7-bromo -5 i i-indeno 1,2-b p y r i d i n - 5 - o n e 
compound. 
Pavel et a l h o w e v e r , r e a c t e d 2-phenyl - 5 I i-indeno 1,2-b -
p y r i d i n e ( 1 9 ) w i t h NBS t o a f f o r d 2-phenyl-5-'bromo-5H-
indeno 1,2-b p y r i d i n e ( 2 0 ) i n 3^% yield.Scheme 7 . 
Scheme 7 
I n t h i s case , the bromo- s i i b s t i t u e n t e n t e r s at the 
methylene p o s i t i o n . 
This appears t o be the only r e p o r t of d i r e c t h a l o g e h a t i o n of 
a 5K[-indeno 1,2-b] p y r i d i n e i n the l i t e r a t u r e , 
A search of the l i t e r a t u r e a lso reveals t h a t there i s no 
r e p o r t of the h a l o g e n a t i o n of i n d e n o p y r i d i n e s or 
indenopyridones, o c c u r r i n g i n the p y r i d i n e r i n g . 
b. Reactions i n the H e t e r o c y c l i c r i n g . 
The main r e p o r t s concerning r e a c t i o n s of the h e t e r o c y c l i c 
r i n g are associated w i t h the d e r i v a t i s a t i o n of the p y r i d y l 
n i t r o g e n atom , eg. W-oxidation and N - a l k y l a t i o n . 
Kloc et a l and Prostakov s t u d i e d N-methylation of 
9H-indeno 2 ,1-b p y r i d i n e ( 1 ) , 5 I i-indeno 1,2-b p y r i d i n e ( 4 ) 
and t h e i r corresponding oxo d e r i v a t i v e s (7 , 8 ) . 
They found t h a t {A) was l e s s n u c l e o p h i l i c than expected, due 
t o the e f f e c t of s t e r i c hindrance from the p r o t o n 
on C-9 to the lone p a i r of e l e c t r o n s on the p y r i d y l 
n i t r o g e n , as i n d i c a t e d by the more accurate r e p r e s e n t a t i o n 
of ( 4 ) . 
( 4 ) 
Mlochowski and Szulc , w h i l s t s t u d y i n g the r a t e of 
N-methylation of these compounds , also found t h a t the 
inde n o p y r i d i n e s are more r e a c t i v e t o N-methyletion than 
t h e i r oxo d e r i v a t i v e s . 
Kloc and c o v / o r k e r s a l s o prepared the N-methyl d e r i v a t i v e s 
of i n d e n o p y r i d i n e s and t h e i r oxo derivatives.Scheme 8. 
CH3X © 
n 
Scheme 8 
Kloc et a l ' ' a l s o found t h a t the i n d e n o p y r i d i n e s were more 
r e a c t i v e than t h e i r corresponding indenopyridones, t o 
H-methylation , as shown i n Table 1. 
No Compound R e l a t i v e Rate 
4 5H-indeno j 1,2-b p y r i d i n e 19 
8 5H-indeno 1,2-b pyrid i n - 5 - o n e 1 
1 9H-indeno 2,1-b > • p y r i d i n e 17 
7 9ii-indeno [2.1-b] pyridin-9-one 1 
Table 1. R e l a t i v e r a t e of I^-methylation. 
Prostakov'^has r e p o r t e d a r e a c t i o n i n v o l v i n g the 
conversion of the JM-acetyl and N-benzoyl d e r i v a t i v e s of 
9ii.-indeno 2,1-b p y r i d i n e (1) to the corresponding 9 - a c e t y l 
and 9-benzoyl compounds ^21 and 22 r e s p e c t i v e l y ) by 
treatment w i t h t r i e t h y l a m i n e end b o r o n t r i f l u o r i d e 
etherate.Scheme 9. 
n 
S) 
R=CH^ (21) 
R=C}i^C^E^ (22) 
Scheme 9 
Prostakov et a l , ''^'^^heve also shovm t h a t N-methyl, 
N-phenacyl end K- ( 4 - n i t r o p h e n a c y l ) d e r i v a t i v e s of (1) 
can be converted, v i a the i n t e r m e d i a t e p y r i d i n i u m s a l t s , 
i n t o the 1-H compounds {23) which have been described as 
pseudoazulenes.Scheme TOo 
(1) 
0 
R= -CH^ , -CH2CCgH^ 
X=I,Br 
Scheme 10 
Kloc et a l '"^  have o x i d i s e d i n d e n o p y r i d i n e s end indenopyridones 
t o t h e i r corresponding N-oxides w i t h hydrogen peroxide i n 
a c e t i c a c i d .Scheme 11 
X=0 (7) 
X=H2(1) 
X=0 (8) 
CH^COiH 
9^ 
X=0 (69%) 
CHjCOiM 
X=H2(4) 
X=H2(54?5) 
X=0 (68%) 
ticheme 11 X=H2(45f . ) 
Prostakov ^' used 3-methyl - 9 H-indeno 2 ,1-c p y r i d i n e 
H-oxide (.24) w i t h benzyl-magnesium c h l o r i d e t o a f f o r d 
1-benzyl - 3-methyl-9H7indeno 2 ,1-c p y r i d i n e (25).Scheme 1 2 . 
(24) 
TUP, iSUr 
PKCHa.ragCL 
Scheme 12 
( 2 5 ) 
Treatment of 4-methyl-5H-indeno 1,2-b p y r i d i n - 5 - o n e ( 2 6 ) 
w i t h formaldehyde and dimethylammonium c h l o r i d e by Bowden 
et a l y i e l d e d the Alannich product ( 2 7 ) . 
13 
when heated w i t h ammonia, under pressure, (27) a f f o r d e d 
the n a t u r a l compound indeno 1,2,3-i j| [_2,7 n a p h t h y r i d i n e 
or t r i v i a l name - e u p o l a u r i d i n e (28) as the main product 
Scheme 13« 
( C H 5 ) , W H x C l 
CHCHxPW 
(28) 
Scheme 13 
Treatment of ( 2 9 ) , by Bowden , w i t h phosphorus o x y c h l o r i d e 
y i e l d e d 1-chloro-9H-indeno 2,1-c pyri d i n - 9 - o n e (30) which 
was converted by ammonia,in the presence of a copper 
sulphate c a t a l y s t , i n t o the amine (31).Scheme I 4 . 
POOi 
I Hour 
(29) 
11 
11 u 
(31) 
Scheme 14 
14 
c. R e a c t i v i t y of the Methylene Group. 
1. O x i d a t i o n . 
R i v e r s c h i ^ ^ o x i d i s e d 5H-indeno|^1,2-b p y r i d i n e (4) by 
r e a c t i o n i n a c e t i c a c i d v/ith sodium dichromate, t o a f f o r d 
51L-indenojj ,2-b pyridin-5-one (8) i n 8^fo y i e l d o Scheme 15. 
Sodauvi 
(4) 
Scheme 15 
IXiPriest et a l obtained the oxo compound (8) i n 3G% y i e l d 
by b u b b l i n g oxygen i n t o a p y r i d i n e s o l u t i o n of 5H,-indeno-
1,2-b p y r i d i n e and T r i t o n B. 
N i t t a e t a l ^ e f f e c t e d o x i d a t i o n by r e f l u x i n g a s o l u t i o n 
o f 2-methyl-5iirindeno 1,2-b p y r i d i n e ( 3 2 ) , chromium t r i o x i d e 
and a seven f o l d excess of b u t y r i c a c i d i n DCM. 
2-Methyl-5ii-indeno 1,2-b pyridin-5-one (33) v/as obtained i n 
62% y i e l d . N i t t a et a l ^ a l s o o x i d i s e d other i n d e n o p y r i d i n e 
d e r i v a t i v e s i n good y i e l d , as shovm i n Scheme 16. 
R'=Me ; R'^ =H (32) 
R'=Ph ; R^=H 
R''=R"=Ph 
R'=Me ; R^=Ph 
R'=H ; R^=Me 
Scheme 16 
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R'=Me ; R<=H (33) (62^.) 
R'=Ph ; R^=H (89?5) 
R'=R^=Ph (88%) 
R'=Me ; R^=Ph (73%) 
R'=H ; R^=lvle 
2. S u b s t i t u t i o n r e a c t i o n s 
S u b s t i t u t i o n r e a c t i o n s of the methylene protons of the 
in d e n o p y r i d i n e s have been i n v e s t i g a t e d by Prostakov e t 
a l ' . A l l of the r e a c t i o n s r e p o r t e d i n v o l v e d n u c l e o p h i l i c 
a t t a c k by the i n d e n o p y r i d i n e carbanion on an e l e c t r o p h i l e . 
one such r e a c t i o n i n v o l v e d the p r e p a r a t i o n of cyanoethyl 
d e r i v a t i v e s of i n d e n o p y r i d i n e s (4) and ( 1 ) . 
p y r i d i n e (34) 
1,2-b p y r i d i n e 
For example, 5,5'-bis-cyanoethylindeno 1, 2-b 
was obtained by c y a n o e t h y l a t i o n of 5H_;-indeno 
( 4 ) . Compound (34) was then converted t o methyl 5iL-indeno-
1,2-b p y r i d i n - 5 - s p i r o - 1 l c y c l o h e x a n e - 4 * - o x o - 3 ' - c e r b o x y l a t e ) 
(35) v i a the d i a c i d (36) and d i e s t e r 0 7 ) . Scheme 17. 
5«V. 
(34) 
C H ^ O H . l O K i 
(36) 
bieckivian 
Scheme 17 
A more d i r e c t r o ute t o s p i r o compounds i n v o l v e d r e a c t i o n of 
of the carbanion, obtained by treatment of (4) w i t h potassium 
i n d i m e t h y l s u l p h o x i d e , w i t h e t h y l cinnamate (,38) t o a f f o r d 
e t h y l 5ii-indeno 1 , 2 - b J p y r i d i n - 5 - s p i r o - 1 (cyclohexane-2' ,6'-
d i p h e n y l - 3 ' - c a r b o x y l a t e ) , ( 3 9 ) , as shown i n Scheme 18, 
H 
(39) 
Scheme 18 
Prostakov and coworkers obtained s p i r o compounds of 
inde n o p y r i d i n e s i n up t o 50^ y i e l d s u s i n g Darzens method 
under phas e - t r a n s f e r c a t a l y s i s c o n d i t i o n s . 
For example, 9iL-in<ieno 2,1-b p y r i d i n e ( 1 ) , on condensation 
w i t h benzaldehyde i n the presence of 50*^ aqueous sodium 
hydroxide s o l u t i o n , c a r b o n t e t r a c h l o r i d e and c a t a l y t i c 
amounts of triethylbenzylammonium c h l o r i d e (TEBAC), gave 
the s p i r o compounds (40, 41) i n a combined y i e l d of 24*^. 
scheme 19» 
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(1) 
Scheme 19 
When 5H-indeno 1,2-b p y r i d i n e (4) v/as t r e a t e d w i t h 
p-nitrobenzaldehyde under phase-transfer c a t a l y s i s 
c o n d i t i o n s * * * , the p r i n c i p a l products were the d i c h l o r o 
compound (42) and the s p i r o compound (43).Scheme 20. 
(4) 
Scheme 20 
(43) 
IS 
Pavel et a l h a v e prepared s e v e r a l d e r i v a t i v e s of ( 4 ) 
Por example, r e a c t i o n of 2-phenyl-5ii-indeno^1,2-b p y r i d i n e 
(19) w i t h KBS a f f o r d e d (20) i n 3155 y i e l d . Reaction of (20) 
w i t h potassium hydroxide i n methanol a f f o r d e d the dimer ( 4 4 ) . 
Scheme 21. 
K l & S 
(19) (20) 
CM5OH KOH 
(44) 
Scheme 21 
When (19) vvas reac t e d v/ith benzaldehyde i n a c e t i c anhydride/ 
a c e t i c a c i d , the 5-benzylidene d e r i v a t i v e ( 4 5 ) \vas obtained 
i n nfo y i e l d . O x i d a t i o n gave the corresponding ketone ( 4 6 ) . 
Scheme 22. 
(19) 
(46) 
Scheme 22 
d. A d d i t i o n t o the Carbonyl group of Indenopyridones. 
i» Reduction t o a l c o h o l s . 
The oxo d e r i v a t i v e s of in d e n o p y r i d i n e s undergo t y p i c a l 
r e a c t i o n s of the carbonyl group. The ketones are e a s i l y 
reduced w i t h sodium borohydride or zin c i n aqueous a c i d 
t o g i v e the hydroxy compound .For example, r e d u c t i o n 
of 1,3-dimethyl-9H7indeno|2,1-c py r i d i n - 9 - o n e (13) gave 
1,3-dimethyl -9-hydroxy-9Hj-indeno 2,1-c p y r i d i n e ( 4 7 ) i n 
70% yield.Scheme 23. 
HO H 
l l 
(13) (47) 
Scheme 23 
P e i t e l s o n and Petrow^^used the above a l c o h o l (47) as 
s t a r t i n g m a t e r i a l f o r f u r t h e r s y n t h e s i s , as shov/n i n 
Scheme 24 . 
(47) 
CM a 
Scheme 24 
i i . Reaction w i t h Grignard reagents and Urganometallic 
compounds. 
The carbonyl compounds also r e a c t v;ith Grignard reagents 
and o r g a n o m e t a l l i c compounds such as l i t h i u m a l k y l s . 
Prostakov has r e p o r t e d the p r e p a r a t i o n of o C - h y d r o x y a r y l 
and a l k y l d e r i v a t i v e s (48,49) of (7) and (8).Scheme 25. 
LiCHi 
HO CH3 
(48) 
«fifUix;JKr 
R»CtWifOCHi(sa7o) 
Scheme 25 
i i i . Reaction w i t h phosphonic a c i d . 
Wieczorok e t a l have prepared s e v e r a l phosphonic a c i d 
d e r i v a t i v e s of the i n d e n o p y r i d i n e s as analog-ues of 
morphactins.The s y n t h e t i c r o u t e i s shovm i n Scheme 26. 
ioo*t 
KP(D>(0Cnt>2, 
Scheme 26 
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HO ^P(0)e0CH5^^ 
i v . Oxime f o r m a t i o n 
Another standard r e a c t i o n of carbonyl groups i s the 
f o r m a t i o n of oximes. Kloc et a l * ^ ' obtained 5ii-indeno-
1,2-b pyridin-5-one oxime (,50) and 9H.-indeno 2,1-b -
pyridin - * 9-one oxime (51) i n e x c e l l e n t y i e l d s by r e a c t i o n of 
the ketones (3 and 7 ) w i t h hydroxylamine.Scheme 27. 
NH^PH 
MHt.OH 
Scheme 27 
Bowden and coworkers used A-methyl-^U^lndeno 1,2-b -
pyr i d i n - 5 - o n e oxime (52) t o o b t a i n the amine (53) by 
r e d u c t i o n u s i n g z i n c dust/ammonia and ammonium acetete. 
Scheme 28. 
(52) 
Scheme 28 
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Petrow et a l s t a r t i n g from 1,3-dimethyl-9Hrindeno 2,1-c -
pyriQin-9-one oxime (52) , obtained the 9-acetamido 
d e r i v a t i v e ( 5 3 ) , which on treatment with phosphoric a c i d a t 
200°C , afforded the 9-amino compound (54) i n 9495 y i e l d . 
Scheme 29. 
(52) 
NHC0CH3 
Scheme 29 
V . Reduction of the Carbonyl group. 
deduction can be achieved u s i n g W o l f f - K i s h n e r c o n d i t i o n s 
as d e s c r i b e d by PAlochowski et a l . Through the i n t e r m e d i a t e 
hydrazone ( 5 5 ) , 5H.-indeno 1,2-b p y r i d i n e (4) was obtained 
i n 88% y i e l d .Scheme 30. 
^ \ ^ 
{\\jJbociMC (55) 
Scheme 30 
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L i k e w i s e , 9H_-indeno 2 ,1-b] p y r i d i n e (1) was obtained from 
the i n t e r m e d i a t e hydrazone (,56) i n 84% yield.Scheme 31. 
-NH ^^^^ 
(1) 
Scheme 31 
V/hen u s i n g the Huang-Minion m o d i f i c a t i o n f o r the r e d u c t i o n 
of ( 4 ) , these w o r k e r s a l s o observed the f o r m a t i o n of a 
dimeric compound i n 11*^  y i e l d . Even when u s i n g an excess of 
hydrazine, the dimer (57) was s t i l l formed, acheme 32. 
5S 
Scheme 32 
I t has been suggested by Eda et a l ^  and Mlochowski and 
Szulc t h a t the dimer (57) a r i s e s from the recombination 
of r a d i c a l s formed as a r e s u l t of e l i m i n a t i o n of n i t r o g e n 
from the i n t e r m e d i a t e ( 5 8 ) , as shown i n Scheme 33. 
24-
Scheme 33 
6gb 
(4) (,1% 
25 
Reduction of 9H.-i^deno 2,1-"l^pyridine-9-one (7) gave o n l y 
the reduced compound (1) and none of the corresponding 
dimeric compound. VJith t h i s isomer, the hydrazone (56) 
i s s t a b i l i z e d by f o r m a t i o n of an i n t r a m o l e c u l a r hydrogen 
bond which prevents f o r m a t i o n of the analogue i n t e r m e d i a t e 
(58a).Scheme 33. 
(56) 
e. Miscellaneous r e a c t i o n s of I n d e n o p y r i d i n e s . 
1. Formation of c o - o r d i n a t i o n compounds. 
Z a i t z e v r e p o r t e d t h a t the oxime of gH^indeno^2,1-b -
p y r i d i n e (51) can form c h e l a t e complexes v/ith s i l v e r or 
copper.Neutral or charged complexes are formed, depending 
on the p r e p a r a t i v e method used.Scheme 34. 
(51) 
MX, 
ebOH 
Scheme 34 
2b 
2 , Formetion of tricarbonylchronrdum complexes, 
Nesmeyanov and Ustynyuk ^ have synthesised several 
K-donor and n ^ complexes u s i n g i n d e n o p y r i d i n e s ( 1 , 2 , 3 & 
4 ) and t r a n s i t i o n metal carbonyls. 
I n a l l cases ( 2 ) and ( 3 ) formed only N-donor complexes of 
the LCr(CO)^ type; compounds 5 9 and 6 0 . Scheme 3 5 o 
^CrCa>>5 
4 
( 5 9 ) 
( 3 ) 
Scheme 3 5 
( 6 0 ) 
I n the case of the other i n d e n o p y r i d i n e s ( 1 and 4 ) , 
c o - o r d i n a t i o n occurs at the benzene , r a t h e r than the 
h e t e r o c y c l i c , r i n g , g i v i n g compounds 6 1 and 62.Scheme 3 6 . 
( 6 1 ) 
hi 
Scheme 3 6 
CrCco) ( 6 2 ) 
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When i n d e n o p y r i d i n e s were t r e a t e d w i t h t r i s a m i n o -
chromiumtricarbonyl i n b o i l i n g dioxan , mixtures of the 
n ^ -arene and N-donor complexes were formed.Scheme 3 7 . 
t^L 
Cto) 
Scheme 3 7 
The r e a c t i v i t y of these n ^ -complexes was s t u d i e d ; i t was 
found t h a t the complex could be deprotonated at the 
methylene bridge e n a b l i n g the r e s u l t a n t carbanions ( 6 3 and 
6 4 ) to be a l k y l a t e d ( 6 5 ) and a c y l a t e d ( 6 6 ) . S c h e m e 3 8 . 
( 6 2 ) 
t-feu.OVc 
( 6 3 ) 
>c»x;cA 
cont•d 
TUP o"C 
(60) 
rA(co)s 
Scheme 38 
1"^ 
Chapter 4 . E a r l y I n d e n o p y r i d i n e Synthesis. 
The s y n t h e s i s of i n d e n o p y r i d i n e s may be d i v i d e d i n t o 
t h r e e types. 
Type 1« Syntheses r e s u l t i n g from the f o r m a t i o n of the 
cyclopentane r i n g by c y c l i s a t i o n of a s u b s t i t u t e d 
phenyl p y r i d i n e . 
Type 2o Syntheses i n v o l v i n g c o n s t r u c t i o n of the p y r i d y l 
r i n g u s i n g indene as s t a r t i n g m a t e r i a l . 
Type 3o Syntheses i n v o l v i n g r i n g c o n t r a c t i o n of 
benzoquinoline. 
Type 1 . Syntheses i n v o l v i n g Formation of a Cyclopentane 
r i n g . 
Subsequent t o the r e p o r t a l r e a d y c i t e d ^ , s y n t h e t i c 
r outes t o t h i s r i n g system received very l i t t l e a t t e n t i o n 
a-; 
u n t i l 1924 when M i l l s et a l synthesized 1 ,3-dimethyl-9Hj-
indeno 2 ,1-c p y r i d i n - 9 - o n e ( 1 3 ) i n 90*^ y i e l d by c y c l i s a t i o n 
of 2 , 6 - d i m e t h y l - 4 - p h e n y l p y r i d i n e c a r b o x y l i c a c i d (67,R=H) 
and the e t h y l c a r b o x y l a t e d e r i v a t i v e by c y c l i s a t i o n of 
e t h y l 3 - c a r b o x y - 2 , 6 - d i m e t h y l - 4 - p h e n y l p y r i d i n e - 5 - c a r b o x y l a t e 
(67, R -G02C2H^). Scheme 39 
loo*c 
<t-.H ('13) 
Scheme 39 
The s t a r t i n g m a t e r i a l used f o r c y c l i s a t i o n was prepared 
by h y d r o l y s i s of the 3 - c a r b o n i t r i l e group of 2,6-dimethyl 
4 - p h e n y l p y r i d i n e - 3 - c a r b o n i t r i l e (6a,R=H),or e t h y l 
3-cyano-2,6-dimethyl-4-phenylpyridine-5-carbr>xylate 
(68,H=CO^CoH^).Scheme 40. 
^ ^ ^ 30 
o 
(68) 
R=H 
R=C02C2H^ 
Scheme 40 
The same approach v/es used by Urbina f o r the p r e p a r a t i o n 
of 9H7indeno|^2,1-b p y r i d i n e (1).Scheme 41. 
CH 
C=r4 
500 - Sio""C. 
NiUcel 
Scheme 41 
A s i m i l a r approach was used by Petrow i n 1946. 
Condensation of benzaldehyde w i t h ^ - a m i n o c r o t o n i t r i l e and 
e t h y l - ^ - a m i n o c r o t o n i t r i l e l e d t o the f o r m a t i o n of 
31 
e t h y l 5-cyano-2,6-dimethyl-4-phenyldihydropyridine-3-
c e r b o x y l a t e which i s e a s i l y o x i d i s e d by d i l u t e n i t r i c a c i d 
t o e t h y l 5-cyeno-2,6-dimethyl-4-phenylpyridine-3-carboxyl0te 
(68,R=C02C2H^).Hydrolysis f u r n i s h e d the corresponding a c i d 
which was converted t o 1,3-dimethyl-9-oxo-9H-indeno[2,1-c] 
pyridine-4-carboxamide ( 6 9 ) . Scheme 42. 
gfcO.C. CH CH-CM 
11 
C H 
(^9) scheme 42 ^ (^S) 
S i m i l a r l y , i n 1949,Petrow and K a h n s y n t h e s i z e d 1,3-dimethyl 
9ii:-indeno 2, l - c j p y r i d i n - g - o n e (13) e s s e n t i a l l y as described 
by M i l l s e t a l ^  but the i n t e r m e d i a t e a c i d e s t e r (70) was 
decarboxylated by h e a t i n g i n a n e u t r a l s o l v e n t such as 
l i q u i d p a r a f f i n . D i e t h y l 2,6-dim"ethyl-4-phenylpyridine-
3f 5-carboxylate (71) was converted i n t o the a c i d e s t e r (70) 
by p a r t i a l h y d r o l y s i s . D e c a r b o x y l a t i o n a f f o r d e d e t h y l 
2, 6 - d i m e t h y l - 4 - p h e n y l p y r i d i n e - 3 - c a r b o x y l a t e (.72) . H y d r o l y s i s 
f o l l o w e d by treatment w i t h s u l p h u r i c a c i d ( c L i l u t e ) , geve 
2 , 6 - d i m e t h y l - 4 - p h e n y l p y r i d i n e - 3 - c a r b o x y l i c a c i d sulphate 
^2. 
which gave ( 1 3 ) i n 90*^ y i e l d by r i n g closure w i t h s u l p h u r i c 
acid.Scheme 4 3 . 
Scheme 43 
F o l l o w i n g Petrow's work, C h a t t e r j e a "^^^  i n 1952 synthesized 
( 1 3 ) from 3-cyano-2, 6-dimethyl - 4-phenylpyridine. 
A c e t o d i n i t r i l e ( ^ - a m i n o c r o t o n i t r i l e ) was react e d w i t h 
benzal-ecetone, a l b e i t i n poor y i e l d , t o give 3-cyano-
4 - p h e n y l - l u t i d i n e ^73 ) .The cyanopyridine (,73) on h y d r o l y s i s 
w i t h h y d r o c h l o r i c a c i d at 180-190°C f u r n i s h e d 2,6-dimethyl-
4 - p h e n y l p y r i d i n e - 3 - c a r b o x y l i c a c i d ( ,74) , which on treatment 
w i t h concentrated s u l p h u r i c a c i d a t 100°,cyclised t o ( 1 3 ) • 
Scheme 4 4 . 
S 3 
I 
Scheme 44 
cHCfi., 6 Krs 
C h a t t e r j e a end Prasad***^ , extended t h i s s y n t h e s i s t o t ^ e 
c h l o r o - d e r i v a t i v e of 1-methyl - 3-phenyl-9H-indeno^2,1-cj-
p y r i d i n - 9 - o n e ( 7 5 ) . Reaction of o-chlorobenzylidene-
acetophenone and a m i n o a c r y l o n i t r i l e gave the a r y l p y r i d i n e 
( 7 6 ) , O x i d a t i o n w i t h d i l u t e n i t r i c a c i d or chromic a c i d i n 
a c e t i c a c i d gave the corresponding cyanopyridine which v;as 
converted t o 5-chloro - 1-methyl - 3-phenyl-9H-indeno^2, 1-cj-
p y r i d i n - 9 - o n e ( 7 5 ) by h e a t i n g w i t h concentrated s u l p h u r i c 
a c i d at 100°C f o r 0 . 5 hours. Scheme 4 5 . 
( 7 5 ) 
Scheme 45 
3lf 
Puson and M i l l e r and Perin-Roussel end Jacquingnon'^ 
prepared 9 H-indeno [ 2 , 1-c p y r i d i n - 9 - o n e ( 1 2 ) i n ^ ^% and 
2 3 ^ y i e l d s r e s p e c t i v e l y . Because the ketone ( 7 7 ) i s 
hindered the Grignard reagent does not a t t a c k the 
carbonyl group, i n s t e a d ( 7 7 ) i s phenylated i n the 4 p o s i t i o n , 
Scheme 4 6 . 
CO-Ar 
+ ArU 
( 1 2 ) 
Scheme 46 
I n 1960 , Abramovitch react e d p h e n y l l i t h i u m w i t h 3 - p i c o l i n e 
(78) t o give 2 - p b e n y l - 3 - p i c o l i n e ( 7 9 ) and 6-phenyl - 3 -
p i c o l i n e ( 8 0 ) . Permanganate o x i d a t i o n of the major product 
( 79 ) a f f o r d e d the a c i d which was converted v i a the a c i d 
c h l o r i d e i n t o 5H-indeno 1,2-b p y r i d i n - 5 - o n e (8).Scheme 4 7 . 
Scheme 47 
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I n 1963,Abramovitch'*"^ d i a z o t i s e d 3(2»-aminobenzoyl)-
p y r i d i n e ( 8 1 ) . Decomposition of the diazonium s a l t i n 
aqueous a c i d s o l u t i o n gave the indenopyridones (8) end 
( 1 2 ) . Scheme 48. 
3T/o 
Scheme 48 
The methods used by Abramovitch t o decompose the 
diazonium s a l t are shown below, togeth e r w i t h the y i e l d 
of ( 8 ) . 
Method { & ) % 
Thermal 
Gatterman copper 
UV 
Ag pov/der 
Pe f i l i n g s 
Zn dust 
Thermal (aq NaOH) 9 
The y i e l d s of (8) were -quite low, the best being obtained 
w i t h UV l i g h t . 
30 
37 
5 
16 
3L> 
C h e t t e r j e a and Prasad synthesized 5Ii-indeno 
pyridin-5-one (8) and 2-methyl-5H-indeno [ l , 2-b 
1,2-b -
py r i d i n - 5 -
one ( 3 3 ) as f o l l o w s . D i e t h y l ethoxymethyleneoxalacetate 
( 8 2 j when condensed w i t h 3 - a m i n o - 3 - p h e n y l p r o p e n o n i t r i l e 
i n a c e t i c a c i d r e a d i l y gave d i e t h y l 3-cyano-2-phenyl-
p y r i d i n e - 5 , 6 - d i c a r b o x y l a t e (82a).The cyanoester gave 
5H-indeno 1,2-b pyri d i n - 5 - o n e (8) v i a the steps o u t l i n e d 
i n Scheme 4 9 » 
I 
ft - C O 
CH —Cf4 
II 
HO^c^^^^cr>^^ ^^^^ 
S i m i l a r l y 2 r*methyl - 5 H-indeno 1 , 2-b p y r i d i n - 5 - o n e ( 3 3 ) 
v;as obtained s t a r t i n g from methyl ethoxymethyleneaceto-
acetate ( 8 3 ) .Scheme 4 9 -
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Type 2. Syntheses i n v o l v i n g C o n s t r u c t i o n of a P y r i d y l r i n g 
S u b s t i t u t e d indanones have provided a u s e f u l s t a r t i n g 
p oint f o r the s y n t h e s i s of the i n d e n o p y r i d i n e r i n g system. 
I n an e a r l y r e p o r t , E r r e r a . e t . a l prepared 2-methyl-
5H-indeno 1,2-b pyridin-5-one (33) from 1,2,3-indantrione 
(84).Scheme 50. 
(84) 
(L^CH^^ (33) 
Scheme 50 
C h a t t e r j e a and Pr a s a d ^ condensed 2-hydroxymethylene-
1-indanone (85) w i t h cyanoacetamide a t 50-52°C to a f f o r d 
3-cyano-9b(o^)hydroxy-2-oxo-1,3-dihydro-5JH-indeno 1, 2-bj - -
p y r i d i n e (86)'.in modest y i e l d . T r e a t m e n t of (86) w i t h 
h y d r o c h l o r i c a c i d at 170°C"afforded 2-hydroxy-5H-indeno 
[ l , 2 - b j p y r i d i n e ( 8 7 ) , i s o l a t e d as the c h l o r o -
d e r i v a t i v e . R e d u c t i o n of compound(88) w i t h r e d phosphorus 
and h y d r i o d i c a c i d gave (4) i n poor yield.Scheme 51. 
Treatment of ^86) w i t h HCl i n a s e a l e d tube, gave (87) 
d i r e c t l y i n 18^ y i e l d o 
38 
(85) ^ 
(86) H 
y PCftg 
(87) 
Scheme 51 
An a l t e r n a t i v e s y n t h e s i s ***** i n v o l v i n g the condensation of 
2-benzylideneindan-1-one w i t h 3 - a m i n o b u t - 2 - e n o c a r b o n i t r i l e 
gave 3-cyano-2-methyl-4-phenyl-5H,-indeno|^1,2-b p y r i d i n e (89) 
Subsequent h y d r o l y s i s and d e c a r b o x y l a t i o n gave 2-methyl-
4-phenyl-5H-indeno 1,2-b p y r i d i n e (90).Scheme 52 
N a O C x H s ; &bOH 
(89) QMi-
(90) 
Scheme 52 
i s 
S i m i l a r l y , w i t h e t h y l ^-aminocrotonate , e t h y l 2-methyl-
4-phenyl - 5 H-indeno[l , 2-b p y r i d i n - 5 - o n e c a r b o x y l a t e ^91) 
was obtained.Scheme 53. 
CHs"C=C^CO^C^.Hg 
Scheme 53 
Using a v a r i a n t o f t h i s s y n t h e s i s , C h a t t e r j e a and Prasad 
condensed e t h y l indan-1-one - 2-glyoxalate w i t h 3-aminobut-
2 - e n o c a r b o n i t r i l e t o g i v e the e s t e r v92) which was 
converted t o 2-methyl - 5 f i-indeno | j , 2-"^! p y r i d i n e \32) 
by d e c a r b o x y l a t i o n o f the d i - a c i d , as shown i n Scheme 54 . 
(32) 
CH3 
Scheme 54 
C02.H 
P a r c e l l and Hauck'*''' used 1 - ( W - p i p e r i d i n y l ) i n d e n e as 
s t a r t i n g m a t e r i a l t o o b t a i n i n d e n o p y r i d i n e ( 4 ) . 
Reaction of the enamine (93) w i t h 3-"bromopropylamine-
hydrobromide gave the t e t r a h y d r o d e r i v a t i v e (94) which was 
dehydrogenated by h e a t i n g under r e f l u x w i t h nitrobenzene 
and xylene i n contact v/ith a p a l l a d i u m c a t a l y s t on carbon 
t o g i ve (4) i n 56^ ? yield.Scheme 55 
o 
(94) 
Pd/C odxai 
Scheme 55 
^ype 3> Syntheses i n v o l v i n g Ring C o n t r a c t i o n of 
Benzocjuinolines > 
Three of the f o u r p o s s i b l e i s o m e r i c i n d e n o p y r i d i n e s have 
been prepared from the corresponding benzoquinoline or 
b e n z o - i s o q u i n o l i n e . 
The e a r l i e s t r e p o r t e d synthesis of an i n d e n o p y r i d i n e was 
by tJkraup and Coblenz*^ i n 1883p they obtained the oxo 
compounds 9H-indeno|^1,2-b pyridin-9-one (7) and 52i-indeno-
1,2-b]pyridin-5-one (8) by the o x i d a t i o n of 
benzCOquinoline and benzCb^quinoline respectively.Scheme 56 
4 1 
PH pH pH 
(8) km AO 4,. 
( 7 ) 
Scheme 56 
C h e t t e r j e a and Prasad'^'^ and Koelsch and L i n d q u i s t have 
used benzC^^Jisoquinoline ( 9 5 ) as s t a r t i n g m a t e r i a l f o r the 
synthesis of 5H-indeno 1,2-.c p y r i d i n - 5 - o n e . ( 9 7 ) , 
These workers o x i d i s e d ( 9 5 ) w i t h potassium permanganate 
and i s o l a t e d 3-( c a r b o x y p h e n y l ) - p y r i d i n e - 4 -
c a r b o x y l i c a c i d ( 9 6 ) , which was then pyrolysed at 360*^ C 
to give 5H-indeno 1,2-c p y r i d i n - 5 - o n e (97) i n low y i e l d 
(2?5).Scheme 57. 
Scheme 57 
Kloc et a l ^ ' obtained higher y i e l d s of i n d e n o p y r i d i n e by 
c o n v e r t i n g the q u i n o l i n e , u s i n g i o d i n e pentoxide as 
o x i d i s i n g a g e n t , i n t o the corresponding b e n z C f l q u i n o l i n -
9,10-dione ( 9 8 ) , which when t r e a t e d w i t h hot a l k a l i gave 
9H-indeno 2,1-b pyridin-9-one (7) i n A0% yield.Scheme 58. 
Scheme 58 
I n a s i m i l a r way, these workers prepared 5H-indeno ^ 1,2-b 
pyridin-^5-one {8} i n ^ 6% y i e l d from benzCh3ouinolin-5,6-
dione (99).Scheme 59. 
Scheme 59 
I t i s probable t h a t the step u s i n g hot a l k a l i proceeds v i a 
a b e n z i l - b e n z i l l i c a c i d rearrangement, accompanied by 
subsequent d e c a r b o x y l a t i o n and o x i d a t i o n . 
4 i 
A smell q a u a n t i t y of 2-phenyl-5H-indeno 1 , 2 - b ] p y r i d i n - 5 
4 - c a r b o x y l i c a c i d ( 100 ) was formed t o g e t h e r w i t h 
2(o-carboxyphenyl) -6-phenylpyridine -3»4-dicarboxylic a c i d 
by o x i d a t i o n of 2-phenylbenzoCh3auinoline-4-carboxylic 
a c i d (101).Scheme 60o 
one 
( 1 0 1 ) 
C4.HS 
COtH 
COI.H 
bcheme 60 
l O ^ z a f l u o r a n t h e n e ( 9 ) , i s o l a t e d by f r a c t i o n a l d i s t i l l a t i o n 
of c o a l - t a r p i t c h , ean be o x i d i s e d t o give a mixture of 
1,2-b p y r i d i n - 5 - o n e - 6 - c e r b o x y l i c a c i d ( 1 0 ) and 
j p , 1-b] p y r i d i n - 9 - o n e - 8 - c a r b o x y l i c a c i d ( I T ) . 
Decarboxylation of the c a r b o x y l i c acids (10 and 11) gave 
5H-indeno 
9H-indeno 
50 (8) and (7) r e s p e c t i v e l y , as described e a r l i e r i n 
Chapter 2,Scheme 1 , page 4. 
^4-
Chapter 5* N a t u r a l l y Occurring I n d e n o p y r i d i n e s . 
I t was not u n t i l very r e c e n t l y t h a t i n d e n o p y r i d i n e s were 
found t o occur n a t u r a l l y . To date, only 11 i n d e n o p y r i d i n e 
d e r i v a t i v e s have been i s o l a t e d , mostly from the Annonaceae 
f a m i l y . This i s a l a r g e f a m i l y of t r e e s w i t h approximately 
130 genera and 2300 species. P h y t o g e o g r a p h i c a l l y , they 
occur e n t i r e l y i n t r o p i c a l and s u b - t r o p i c a l r e g i o n s . 
The f i r s t n a t u r a l l y o c c u r r i n g i n d e n o p y r i d i n e was i s o l a t e d 
i n small q u a n t i t i e s i n Manaus , B r a z i l i n 1976. The t r u n k 
wood of Onychopetalum emezonicum v/as found t o c o n t a i n 
an a l k a l o i d c a l l e d Onychine " .This compound was 
o r i g i n a l l y thought t o be 4-methyl-9H-indeno^2,1-b -
pyridin-9-one (102). 
(102) 
However, subsequent work showed t h a t t h i s s t r u c t u r e was 
i n c o r r e c t . W.HI.R. s t u d i e s of Onychine i s o l a t e d from 
C l e i s t o p h o l i s patens and G u a t t e r i a d i e l s i a n a by Tedic ^ ^ t a l , 
and a number of syntheses 5a.,si,s' have shown t h a t Onychine 
i s i n f a c t 4-methyl-5H-indeno 1,2-bjpyridin-5-one (26). 
The i n i t i a l assignment of an i n c o r r e c t s t r u c t u r e t o 
Unychine has l e d t o some conf u s i o n i n the l i t e r a t u r e . 
For example, compound (103) which was i s o l a t e d by Goulart^et , 
from G u a t t e r i a d i e l s i a n a was o r i g i n a l l y thought t o be 
6-methoxyOnychine (4-methyl-6-methoxy-9H-indeno^2,1-b -
pyriQin-9-one ) but i s i n f a c t 4-methyl-8-methoxy-5H;-
indeno 1,2-b| pyrid i n - 5 - o n e (103) 
^5 
The c o r r e c t s t r u c t u r e s of d i e l s i n e (104) end d i e l s i n o l (105) 
also i s o l a t e d from G u a t t e r i e d i e l s i a n e by Gouler-f^ et a l are 
4-methyl-2-oxo-1,2-dihydro-5H-indeno|j ,2-b pyr i d i n - 5 - o n e 
and 4-hydroxymethyl-2-oxo-1,2-dihydro-5H,-indeno 1,2-b -
pyridin-5-one r e s p e c t i v e l y . 
26 R=H 
103 R=OCH. 
104 R=CH^ 
105 R=CH20H 
Tedic^'also i s o l a t e d the above a l k a l o i d s 103,104 end 105, 
from ivieiogyne v i r g a t s and Uxandra c f . me.jor. 
At the same time , Zheng et al^**" i s o l a t e d t h r e e novel 
a l k a l o i d s from Oxandra xylopiodoes. These were shown t o be 
6-hydroxyonychine (4-methyl-8-hydroxy-521-indeno 1, 2-bj -
pyrid i n - 5 - o n e ),(106) 5-hydroxy-6-methoxyonychine or 
4-methyl-8-methoxy-9-hydroxy-5H-indeno | j ,2-"^ py r i d i n - 5 - o n e 
(107) and 2,6-dimethoxy-7-hydroxyonychine or 4-methyl - 3,8-
dimethoxy-7-hydroxy-5H-indeno 1,2-b pyridin-5-one (108). 
R''=R^=H, R^=0H ,R^=H (106) 
R''=OH, R^=OCEy R3=R4=H (107) 
R^=H, R^=OCH^,R^-OH, R^=OC}i^ U08) 
There i s some confusion over the naming of these compounds, 
the t r i v i a l name Onychine, has a d i f f e r e n t s e r i e s of l o c e n t 
numbers compared t o the i n d e n o p y r i d i n e . The numbering 
system f o r Onychine and 5H-indeno^,2-bjpyridin-5-one (8) 
ere shovm below, and should e l i m i n a t e any confusion. 
Onychine (.26) 
5H-indeno 1,2-b pyri d i n - 5 - o n e 
(8) 
I n 1987 , Huffords s t u d i e s of the stem and r o o t bark of 
C l e i s t o p h o l i s patens l e d t o the i s o l a t i o n of several 
sesquiterpenes and a l k a l o i d s . 
The a l c o h o l i c e x t r a c t s of C >petens showed s i g n i f i c a n t 
e n t i c a n d i d a l a c t i v i t y , i s o l a t i o n of the a c t i v e component 
gave e u p o l a u r i d i n e (28) whose i d e n t i t y was confirmed by 
comparison w i t h a u t h e n t i c sample, which was synthesized 
u s i n g the method of Bowden.^^ 
(28) 
M-7 
E u p o l a u r i d i n e (28) v;es synthesized and the s y n t h e t i c 
i n t e r m e d i a t e s were evaluated f o r a n t i c a n d i d a l a c t i v i t y . 
One of the i n t e r m e d i a t e s which was found t o be a c t i v e was 
Onychine (26).(26) was found t o be comparable t o (28) i n 
i t s a n t i c a n d i d i a l a c t i v i t y . Both ere considered as pr o m i s i n g 
p o t e n t i a l new a n t i f u n g a l drugs. 
Laprevote'^^^in 1988 i s o l a t e d 5 new a l k a l o i d s from the t r u n k 
berk of Unonopsis s p e c t a b i l i s , 4 of which had been 
i s o l a t e d p r e v i o u s l y from Annonaceae .These are Onychine 
( 2 6 ) , 6-hydroxyonychine (1 0 6 ), macondine (109) and 
u r s u l i n e (110).The only novel compound i s o l a t e d v;as 
i s o u r s u l i n e (111) whose s t r u c t u r e v;as determined t o g e t h e r 
w i t h t h a t of (110). 
R''=R^=H, R^=0H ,R^=0CH^ (109) 
K'*=OCH^, R^=0H , R^=R^=H (110) 
R''=OH, R^=0CH^, R^=R'^=H (111) 
P r i o r t o 1989, a l l the i n d e n o p y r i d i n e d e r i v a t i v e s 
mentioned have been i s o l a t e d from the f a m i l y Annonaceae. 
eg, C l e i s t o p o l i s patens , G u a t t e r i e d i e l s i a n a , Oxandra 
x y l o p i o i d e s , Onychopetalum amazonicum and Meigyne 
virp;ata. 
However, i n t h i s year , V/u et a l ^ ^ i s o l a t e d the novel 
a l k a l o i d - p o l y l o n g i n e (1.12) - from the leaves of P o l y a l t h i a 
l o n g i f o l i a , a genus c o n t a i n i n g at l e a s t 120 species. 
t+8 
(112 
The i s o l a t i o n of p o l y l o n g i n e ( 1 1 2 ) i s the f i r s t r e p o r t 
of an in d e n o p y r i d i n e a l k a l o i d from the genus P o l y a l t h i a . 
Chakrebarty and P a t r a ^ " ' i n 1990 , also i s o l a t e d 3 indeno-
p y r i d i n e a l k a l o i d s from the bark of Po . l y a l t h i a 
l o n g i f o l i a Thw., By s p e c t r a l a n a l y s i s , these have been 
i d e n t i f i e d as Onychine ( 2 6 ) , Darienine ( 1 1 3 ) and 6 , 7 -
dimethoxyonychine ( 1 1 4 ) . 
ft' 
R'*=R^=OCH^, R^ = 0H ( 113 ) 
R''=H , R^=R3=0CH^ ( 114 ) 
This i s the second i s o l a t i o n of Darienine from a n a t u r a l 
source, i t was f i r s t i s o l a t e d by Arango i n 1987 from 
the t r u n k berk of Oxandra c f . ma,1or> Compound ( 1 1 4 ) i s a 
novel a l k a l o i d . 
The B i o s y n t h e s i s of Unychine. 
The co-occurrence of 5H-indenojj,2-b p y r i d i n - 5 - o n e ( 8 ; 
and benzCg]quinoline - 5 , 1 0-dione ( 1 1 5 ) i n G u f l t t e r i a 
d i e l s i a n a and C l e i s t o p h o l i s patens l e d Goul a r t t o suggest 
a b i o g e n e t i c r e l a t i o n s h i p between them,based on a s h i k i m a t e -
acetate pathway. 
0 
(115) 
Goulart proposed t h a t the r e a c t i o n between shikimate and 
gluta m i c a c i d gave a 2-aminonaphthoquinone i n t e r m e d i a t e 
U I 6 ) , by analogy w i t h the b i o s y n t h e s i s of b e n z o q u i n o l i n -
d i one s. S c heme 6 1 . 
acheme 6I 
By analogy w i t h t h e b i o s y n t h e s i s of nibomycin , a 
m e t a b o l i t e from StreptoTnyc'es s-Pii .A -me thv l -qH-indeno 1 ,2-bj 
pyr i d i n - 9 - o n e ( 1 0 2 ) may be obtained v i a the f o l l o w i n g 
route.Scheme 6 2 . 
( 1 1 6 ) 
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( 1 0 2 ) Scheme 62 
A s i m i l a r pathway was proposed by V/aterman ^ '^and Gavelet 
a l . ^ * These h y p o t h e t i c a l pathways were suggested before 
i t was r e a l i s e d by Tadic ^' t h a t the s t r u c t u r e of Onyc'hine 
was 4-methyl-5_H-indeno 1,2-b p y r i d i n - 5 - o n e (,26) and not 
4-methyl-9H-indeno 1,2-b p y r i d i n - 9 - o n e (102). The 
proposed r o u t e , which has been suggested above, was 
t h e r e f o r e no lon g e r v i a b l e . 
W h i l s t s t u d y i n g Meigyne v i r g a t a i n 1987 , Tadic^proposed 
t h a t Onychine (26) could be r e l a t e d t o the d i a z a f l u o r e n -
thene - e u p o l a u r i d i n e {23)~ through a common h y p o t h e t i c a l 
percursor d e r i v e d from the oxoaporphine - l i r i o d e n i n e (117) 
I t was suggested t h a t (117) may undergo an e x t r a d i o l 
cleavage g i v i n g the anthraquinone a c i d (118),which can 
then be converted t o Onychine (26) as shovm i n Scheme 6 3 . 
HO x ^ ^ C O t W 
ll 
" ° r r 
(117) (118) 
( 2 6 ) 
Scheme 6 3 . 
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Chapter 6 . L a t e r I n d e n o p y r i d i n e Syntheses. 
T h i s chapter i s presented i n tv/o p a r t s . The f i r s t p a r t w i l l 
deal w i t h the s p e c i f i c s y n t h e s i s o f Onychine ( 2 6 ) and i t s 
d e r i v a t i v e s . The second h a l f of the chapter deals v d t h 
the general syntheses of i n d e n o p y r i d i n e s from 1 9 7 5 . 
S y n t h e t i c Routes t o Onychine and i t s D e r i v a t i v e s , 
Before the work of Taolic ^ ctaland Zhang e t a l , the 
s t r u c t u r e of Onychine was u n c e r t a i n . 
Zhang e t a l produced sever a l 5H-indeno 1 , 2 - ' ^ p y r i d i n -
5-ones v i a p h e n y l n i c o t i n i c acids i n order t o e s t a b l i s h the 
s t r u c t u r e s of the compounds he had i s o l a t e d . 
Syntheses provi d e d 3 a d d i t i o n a l r e l a t e d compounds-
5 , 6-dimethoxyonychine ( 1 1 9 ) , 8-hydroxyonychine ( 1 2 0 ) and 
5 , 8-dimethoxyonychine ( 1 2 1 ) . 
R'=R"=0CH2 ,R-'=H ( 1 1 9 ) 
R''=R^=H , R3=0H ( 1 2 0 ) 
R''=R^=0CH3 ,R?=H ( 1 2 1 ) 
Zhang e t a l obtained the a l k a l o i d ( 1 2 0 ) i n the 
f o l l o w i n g manner. Scheme 6 4o 
5 Z 
P*5 
C M s C H - C H O ^ [ \ \ H I 
(123 ) 
(122) 
130*^ 0 HO 
(120) (124) Scheme 64 
Reaction of the e s t e r (122) w i t h crotonaldehyde o v e r n i g h t 
a f f o r d e d e t h y l 2 ( 3 - h y d r o x y p h e n y l ) - 4 - m e t h y l - n i c o t i n a t e ( 1 2 3 ) . 
The n i c o t i n a t e was r e f l u x e d w i t h aqueous potassium hydroxide 
{AOfo) o v e r n i g h t and the r e s u l t i n g s o l u t i o n was concentrated 
and p u r i f i e d on a s i l i c a column t o a f f o r d 2 ( 3-hydroxy-
p h e n y l ) - 4 - m e t h y l - n i c o t i n i c a c i d (124). C y c l i s a t i o n of (124) 
w i t h polyphosphoric a c i d a f f o r d e d two products -
6-hydroxyonychine ( 1 0 6 ) and 8-hydroxyonychine (120). 
I n a s i m i l a r manner 5,8-dimethoxyonychine (121) and 
5,6-dimethoxyonychine ( 119 ) v/ere prepared from e t h y l 
2(2,5-dimethoxyphenyl)-4-n\ethyl-nicotinate (125) and e t h y l 
2 ( 2 , 3 - d i m e t h o x y p h e n y l ) - 4 - m e t h y l - n i c o t i n a t e , ( 1 2 6 ) r e s p e c t i v e l y 
as shown i n Scheme 65. 
53 
CH3- CH=CH-CMO 
( 1 2 5 ) R'=R$=0Me,R;=H 
( 1 2 6 ) R'=R^=Oryie,R^=H 
4^ 
Scheme 65 
(121) R''=R3=0Me ,R^=H 
(119> R''=R^ =OMe ,R^=H 
I n 1988, Alves synthesized Onychine (26) and 
6-methoxyonychine (102) by Pd ( 0 ) - c a t a l y s e d cross c o u p l i n g 
of e r y l b o r o n i c acids and arylstannane w i t h bromonicotinate 
e s t e r . 
Commercial phenylboronic a c i d (127) was coupled v/ith the 
r e a d i l y a v a i l a b l e b r o m o n i c o t i n i c e s t e r (128) u s i n g a" 
YdCPVhj^) ^  c a t a l y s t t o give e t h y l 4-methyl-2-phenyl-3-
p y r i d i n e c a r b o x y l a t e (129), which was then c y c l i s e d v/ith 
polyphosphoric a c i d t o give Onychine (,26).Scheme 66. 
1 1 V 
(128) 
(127) 
Scheme 66 
(129) 
I n a s i m i l a r way, s t a r t i n g from m-methoxyphenylboronic 
a c i d ( I 3 0 ) , 6-methoxyonychine (102) was obtained.Scheme 
67. 
(130 
(102) 
o C143 
Scheme 67 
Also i n 1988, Okatani et a l synthesized Onychine (26) 
according t o the f o l l o w i n g r e a c t i o n scheme,Scheme 68. 
U 3 2 ) 
^ o 
( I 3 I ) 
(26) Scheme 68 
D i e l s - A l d e r r e a c t i o n of p y r r o l i d i n e enamine ( 1 3 1 ) of 
1-indanone ( 1 3 2 ) w i t h 4 - m e t h y l - 1 , 2 , 3 - t r i a z i n e i n d ry 
o-dichlorobenzene i n a sealed glass tube at 150-60*^C 
gave 4-methyl - 5 H-indeno 1 ,2-b p y r i d i n e ( 1 3 3 ) . O x i d a t i o n 
of ( 1 3 3 ) w i t h potassium permanganate a f f o r d e d Onychine ( 2 6 ) 
55 
Okatani ^ also synthesized 6-methoxyonychine ( 1 0 2 ) 
s t a r t i n g from 6-methoxyindanone (134) .Scheme 6 9 . 
(134) ( 1 3 5 ) 
( 1 3 6 ) CHj 
Scheme 69 
Treatment of ( 1 3 4 ) w i t h p y r r o l i d i n e and c y c l o - a d d i t i o n 
r e a c t i o n of the enamine ( 1 3 5 ) as above gave 8-methoxy-
5H^-indeno^ , 2-bj p y r i d i n e ( 1 3 6 ) , which on o x i d a t i o n 
a f f o r d e d ( 1 0 2 ) .Scheme 6 9 . 
I n 1 9 8 9 , Bracher improved the t o t a l s y n t h e s i s of 
onychine ( 2 6 ) by u s i n g a new approach t o the p r e p a r a t i o n 
of the b i a r y l ( 1 3 7 ) . 
The base-catalysed M i c h a e l - a d d i t i o n of crotonaldehyde ( 1 3 8 ) 
t o the ^ - k e t o e s t e r ( 1 3 9 ) gave the i n t e r m e d i a t e (HO) 
which on r e a c t i o n w i t h hydroxylamine.hydrochloride gave the 
b i a r y l ( 1 3 7 ) . C y c l i s a t i o n of ( 1 3 7 ) a f f o r d e d Onychine ( 2 6 ) . 
Scheme 70. 
5 t 
MaM 
(139) 
COx6t 
(140) 
5^ 
(137) 
Scheme 70 
I t i s known t h a t Onychine (26) i s one of the i n t e r -
mediates i n the f o r m a t i o n of e u p o l a u r i d i n e ( 2 8 ) . 
Bracher synthesised (,28) from (26) i n a one-pot 
synt h e s i s v i a the enamine (141).Reaction of onychine (26) 
w i t h dimethylformamide-diethylacetaL gave the enamine U 4 1 ) , 
treatment of (141) w i t h ammonium c h l o r i d e and ammonium 
acetate a f f o r d e d e u p o l a u r i d i n e C28).Scheme 7 1 . 
H-c^oetlx 
(26) ( H I ) (28) 
Scheme 71 
5-/ 
More r e c e n t l y , Bracher obtained 6-methoxyonychine (102) 
r e g i o s e l e c t i v e l y from the b i a r y l 2(2-bromo-5-methoxy-phenyl) 
- 4 - m e t h y l - 3 - p y r i d i n e c a r b o x y l i c a c i d U42) v i a a Parham-
type cyclisation.Scheme 72, 
(142) 
Scheme 72 
Bracher used t h i s new s t r a t e g y f o r the synthesis of 
i n d e n o p y r i d i n e s w i t h p r e d i c t a b l e s u b s t i t u t i o n p a t t e r n s . 
The r i n g system was b u i l t by c y c l i s a t i o n of the 
a p p r o p r i a t e e r y l p y r i d i n e c a r b o x y l i c a c i d . However, b i a r y l 
(143) w i t h unsymmetrical s u b s t i t u t i o n i n the benzene r i n g 
gave a m i x t u r e of isomers upon cyclisation.Scheme 73. 
Scheme- 73 
To overcome t h i s problem the f o l l o w i n g r e a c t i o n scheme 
was f o l l o w e d . 
58 
2-Bromo-5-methoxybenzaldehyde (144) was converted t o the 
p-keto e s t e r (145) by Roskamp's one-step synthesis u s i n g 
e t h y l diazoacetate and t i n ( I I ) c h l o r i d e , Michael a d d i t i o n of 
crotonaldehyde t o (145), f o l l o w e d by h e a t i n g the product 
v;i t h hydroxylamine.hydrochloride gave the a r y l p y r i d i n e 
e s t e r (146).Scheme 74. 
CHO 
(144) (145) 
(142) ^ (146) 
Scheme 74 
S a p o n i f i c a t i o n of the e s t e r (146) l e d t o the i n t e r m e d i a t e 
b i a r y l (142), which v/as then converted t o e i t h e r pure 
6-methoxyonychine (102) or 8-methoxyonychine (147) by the 
choice of r e a c t i o n c o n d i t i o n s . 
C y c l i s a t i o n of (142; v/ith PPA gave the bromo,methoxy-
i n d e n o p y r i d i n e (148).The bromine atom,which was a c t i n g as 
a b l o c k i n g group f o r one of the p o s s i b l e two s i t e s f o r 
c y c l i s a t i o n i n t h i s r e a c t i o n , was removed by c a t a l y t i c 
hydrogenation t o give pure 8-methoxyonychine (147). 
Scheme 75. 
5^ 
(147) 
Scheme 75 
A l t e r n a t i v e l y , treatment of (142) w i t h one e q u i v a l e n t of 
sodium hy d r i d e f o l l o w e d by halogen-metal exchange w i t h 
b u t y l l i t h i u m a t -78^0 gave, v i a an i n t e r m e d i a t e organo-
m e t a l l i c species (149), 6-methoKyonychine (102) i n A0% 
y i e l d . 
A l t e r n a t i v e l y , d i r e c t c y c l i s a t i o n of the bromo-ester (146) 
was achieved by treatment v/ith 1.5 e q u i v a l e n t s of b u t y l 
l i t h i u m a t -100°C .V/arming the r e a c t i o n m i x t u r e t o room 
temperature gave (102) i n 30% yield.Scheme 76. 
NaH/TMP 
(142 149 
ioo»c 
(102) 
Scheme 76 
(146) 
t o 
This v/as the f i r s t example of the f o r m a t i o n of an 
in d e n o p y r i d i n e r i n g system by the use of the Parham 
c y c l i s a t i o n s t r a t e g y . 
General Inde n o p y r i d i n e Synthesis. 
Type 1 . Syntheses i n v o l v i n g f o r m a t i o n of a Cyclopentane 
r i n g . 
I n 1976 , Bov/den et a l used a Hantzsch sy n t h e s i s f o r the 
p r o d u c t i o n of 4-methyl-5H^-indeno , 2-b] p y r i d i n - 5 - o n e ( 2 6 ) 
Condensation of crotonaldehyde w i t h e t h y l 3-aminocrotonate 
i n the presence of p i p e r i d i n e gave the d i h y d r o p y r i d i n e 
d e r i v a t i v e ( 1 5 0 ) which on o x i d a t i o n w i t h d i l u t e n i t r i c 
a c i d a f f o r d e d the p y r i d i n e ( 1 5 1 ) . C y c l i s a t i o n of ( 1 5 1 ) 
w i t h polyphosphoric a c i d then a f f o r d e d (26).Scheme 7 7 . 
I 
I " 
CH — GO,et 
* II 
C-CH3 
(26) 
CH; 
H (150) 
d m^ o. 
(151) 
Scheme 77. 
3U 
DuPriest ^oL prepared i n d e n o p y r i d i n e s u s i n g a r e l a t i v e l y 
low cost s y n t h e s i s . Using a method based on P e r c e l l and 
Hauck's synthesis**'"',DuPriest ^ prepared 7-fluoro-5H-indeno-
1f2-b p y r i d i n e (152) from 1-indanone ( 1 3 2 ) . 
The p i p e r i d i n e enamine of 5-fluoro-1-indanoneU 5 3 ) was 
reacted w i t h 3-'bromo-propylaminehydrobromide t o y i e l d a 
t e t r a h y d r o i n d e n o p y r i d i n e (154) which was then dehydrogenated 
t o give the desired i n d e n o p y r i d i n e ( 1 5 2 ) .This v;as o x i d i s e d 
t o 7-fluoro - 5 H-indeno 1,2-b p y r i d i n - 5 - o n e (155) by 
bu b b l i n g oxygen i n a p y r i d i n e s o l u t i o n of (152) w i t h 
T r i t o n B.Scheme 78. 
"Toluene 
(153) 
ioo*c 
. lOVo P3/C 
(152) (154; 
Scheme 78 
A second r o u t e from 5-halo - 1-indanones i n v e s t i g a t e d by 
DuPriest ^ was based on T r i e ' s s y n t h e s i s of s u b s t i t u t e d 
p y r i d i n e s from the t h e r m o l y s i s of 0 - a l l y l oxime e t h e r s . 
Both 5 - f l u o r o - and 5^chloro - 1-indanone v/ere r e a d i l y 
converted t o the oxime ethers ( 1 5 6 ) by 0 - a l k y l a t i o n of the 
corresponding oxime.Thermoilysis gave the d e s i r e d product 
only i n poor yield.Scheme 79. 
X=C1 
Triton. S 
X=P 14% 
X=C1 15% 
Scheme 79 
The f i n a l method i n v e s t i g a t e d by D u P r i e s t w a s based on a 
method developed by Abramovitch . A r y l e t i o n o f 2 - f l u o r o -
3-methylpyridine 0 57) w i t h p h e n y l l i t h i u m gave 3-methyl-2-
p h e n y l p y r i d i n e <79) v;hich on permanganate o x i d a t i o n gave 
the corresponding a c i d U58) which v/as c y c l i s e d w i t h 
polyphosphoric a c i d t o a f f o r d 5H-indeno | j l , 2-bj p y r i d i n -
5-one (8).The ketone (8) was reduced t o 5H-indeno 1,2-b 
p y r i d i n e C4) by treatment \v i t h excess hydrazine i n 
d i e t h y l e n e g l y c o l or by a W o l f f - K i s h n e r reduction.Scheme 80 
t 3 
(157) 
Scheme 80 
I n a s i m i l a r way, c y c l i s a t i o n of 4 - p h e n y l - 3 - n i c o t i n i c a c i d 
0 5 9 ) w i t h PPA by Shiao et a l , a f f o r d e d 9H-indeno 2,1-c 
pyridine-9-one (12) which gave 9 t i-indeno 2,1-cj p y r i d i n e 
(2) by Vvolff-Kishner reduction.Scheme 81. 
ek 
> ' I ! J I J 
(159) 
€ 7 % 
Scheme 81 
Another convenient method f o r the synt h e s i s of condensed 
t r i c y c l i c p y r i d i n e s i s by i n t r a m o l e c u l a r c y c l i s a t i o n of 
4 - a r y l p y r i d i n e s . 
fe^ r "I 
Prostakov et a l prepared 3-niethyl-9H-indeno 2,1-cl p y r i d i n e 
( 1 6 0 ) from 2,5-dimethyl-4-phenylpyridine by c a t a l y t i c 
dehydrogenation at 500-520°C i n the presence of K - I 6 
c a t a l y s t ( K - I 6 i s a mi x t u r e of oxides of Pe,Zn and C r ) . 
Scheme 82. 
500 - € 2 0 * C 
( 1 6 0 ) 
Scheme 82 
V/hen more h i g h l y s u b s t i t u t e d p y r i d i n e s were used eg., 
2,5-dimethyl-4, 6-diphenylpyridine ( I 6 I ) , a complex 
r e a c t i o n m i xture v/as .obtained from which d e r i v a t i v e s of 
isomeric i n d e n o p y r i d i n e s were isolated.Scheme 83 
Scheme 83 
ia.Vo 
lb-770 
X5% 
L a t e r , Prostakov r e p o r t e d improved y i e l d s of s u b s t i t u t e d 
i n d e n o p y r i d i n e s by d e h y d r o c y c l i s a t i o n of 3-methyl-2,6-
d i p h e n y l p y r i d i n e and 3-methyl-2-phenylpyridine.Scheme 84. 
R=Ph,H 
5oo- sso*"*: 
R=ph ^^% 
R=H 22% 
Scheme 84 
De h y d r o c y c l i s a t i o n of 2-(2•-methylphenyDpyridine (162) 
gave 5H-indeno 1 , 2 - b ] p y r i d i n e (4) i n ^ 8% yield.Scheme 85 
600 'SSd^c 
(4) 
Scheme 85 
Prostakov '^ also found c a t a l y t i c d e h y d r o c y c l i s a t i o n t o be 
convenient f o r the sy n t h e s i s of v a r i o u s s u b s t i t u t e d 
5H-indeno 1,2-bj p y r i d i n e s . F o r example, 3-methyl-2-phenyl-
p y r i d i n e (78) , 2- ( 2 ' - m e t h y l p h e n y l ) p y r i d i n e (162) and 
3-methyl-2,6-diphenylpyridine ( I 6 3 ) were subjected t o 
c a t a l y t i c d e h y d r o c y c l i s a t i o n . The y i e l d s of (4) were 
almost i d e n t i c a l r e g a r d l e s s of whether c y c l i s a t i o n was 
r e a l i s e d wftiK respect t o the phenyl r i n g or p y r i d i n e r i n g ^ 
(22% (78) ; 18% ( 1 6 2 ) ) . Scheme 86. 
( 1 6 2 ) 
( 4 ) 
Scheme 86 
S i m i l a r l y , c a t a l y t i c d e h y d r o c y c l i s a t i o n of (I63) a f f o r d e d 
2-phenyl-5H-indeno 1,2-b p y r i d i n e U9).Scheme 87. 
(163) (19) 
Scheme 87 
A d i f f e r e n t approach t o - t h e f o r m a t i o n of the five-membered 
r i n g was r e p o r t e d by I g e t a et a l **** and Ohsawa et a l "'^  • 
Using Plash Vacuum P y r o l y s i s (PVPO, they decomposed 
s u b s t i t u t e d p y r i d i n e N-oxides,thermally, t o y i e l d a range 
of h e t e r o c y c l i c compounds. 
P y r o l y s i s of 2 ( 2 ' - m e t h y l p h e n y l ) p y r i d i n e N-oxide ( l 6 4 ) a t 
800^0 produced ( 4 ) i n 69^ ^^  y i e l d . 
I g e t a suggested t h a t the r e a c t i o n proceeded v i a a r a d i c a l 
process as shown i n Scheme 88. 
(164) 
-OH* 
Scheme 88 
Mayor and V/entrup r e p o r t e d the synthesis of 3 isomeric 
i n d e n o p y r i d i n e s , which were prepared by the thermal 
decomposition of phenylpyridyldiezomethanes-
Thermolysis of phenyl 3-pyridyldiazomethane (I65) y i e l d e d 
a 1:1 mixture of 9H-indeno 2,1-b p y r i d i n e (1) and 
52i-indeno ^ , 2-c p y r i d i n e ( 3 ) , whereas phenyl 4 - p y r i d y l -
diazomethene (I66) gave 9H-indeno 2 , 1 - c j p y r i d i n e (2) v i a 
i n t e r m e d i a t e carbenes, as shovm i n Scheme 89. 
ID*^m«vi(H3) 
(165) 
(166) 
SOO»C 
Scheme 89 
V/entrup et a l extended t h i s work by i n v e s t i g a t i n g an 
a l t e r n a t i v e procedure f o r g e n e r a t i n g the carbenes which 
were claimed t o be i n t e r m e d i a t e s i n Scheme 89. 
Thermolysis of the indazole , 3-phenylpyraZiolo 3,4-bJ-
p y r i d i n e (167) gave 5H-indeno 1,2-b p y r i d i n e (4) i n 49^ ? 
yield.Scheme 90. 
H 
,-.\ 
3'S l^ou^s 
(167) 
Scheme 90 
I n 1991, Pu et a l "'^  discovered a sho r t r o u t e t o a v a r i e t y 
of s u b s t i t u t e d and condensed fluorenones, i n c l u d i n g aza 
analogues by remote m e t a l a t i o n ( t - b u t y l l i t h i u m and l i t h i u m 
d i i s o p r o p y l a m i d e (LDA)) of m - t e r a r y l and b i a r y l amides. 
LDA i s the more e f f e c t i v e base f o r the p r o d u c t i o n of 
indenopyridinesoScheme 9 1 . 
Amide Base i:'roduct 
Scheme 91 
Type 2 . Syntheses i n v o l v i n g C o n s t r u c t i o n of the p y r i d y l 
r i n g u s i n g d e r i v a t i v e s of indane as s t a r t i n g 
m a t e r i a l . 
Koyama et a l t r e a t e d 2-indanone U 6 8 ) w i t h 0 - c r o t t y l -
U 6 9 ) or 0 - j ( - m e t h y l a l l y l - h y d r o x y l a m i n e (170) t o give 
2-indanone oxime 0 - c r o t y l - ( 1 7 1 ) and 0 - 0 ( - m e t h y l a l l y l e t h e r 
(172) r e s p e c t i v e l y i n good y i e l d s . Thermolysis of each 
compound i n a sealed tube f o r 48 hours f u r n i s h e d a 
mixture of two isomeric i n d e n o p y r i d i n e s (133) and (32) 
according t o Scheme 92. 
CO' 
(168) 
R!j=H,R^5Me (169) 
R =Me,R^=H ( I 7 0 ) -R''=H,R^=Me(171) R'=Me,R =H (172) 
(133) (32) 
Scheme 92 
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Permanganate o x i d a t i o n gave the corresponding oxo-
compounds. 
L a t e r , s t a r t i n g from 7-hydroxy-6-methoxyindanone and 
cr o t y l h y d r o x y l a m i n e , Koyema "'^  obtained the oxime 1173) 
Thermolysis at 170°C f o r 2 hours produced 9-hydroxy-
8- methoxy-4-methyl-5H-indeno 1 , 2 - b j p y r i d i n e (174) and 
9- hydroxy-8-methoxy-2-methyl-5H-indeno 1,2-bj p y r i d i n e 
(175).Scheme 93-
CHaCH^CHCHtOfW* 
(175 
Scheme 93 
Methoxymethylation of (174), f o l l o w e d by o x i d a t i o n and 
demethoxymethylation w i t h H2SO^/CH2C02H gave 9-hydroxy-
8-methoxy-4-methyl-5H-indeno 1,2-b"]pyridin-5-one (107) 
(107) 
I n the same manner, 8-hydroxy-9-methoxy-4-methyl-5H-
indeno j j ,2-bJ pyridin-5-one (176) was obtained from 
6-hydroxy-7-methoxyindanone, a f t e r b e n z y l a t i o n of the 
hydroxyl groupeScheme 94. 
0 6e*i2jfUfaA«-
6^0 
V oJJ ^ 
1 
(176) 
Scheme 94 
S k a t t e r b ^ l and Berg-Neil son "'^  used 1,3-dioxoindane 
and 3-aminopropyne t o prepare 3(2-propynlamino)inden-1-one 
(177) which was converted t o 1,2-dihydro-5H-indeno 1,2-b -
pyridine.Dehydrogenation of the dihydro compound w i t h 
nitrobenzene gave the i n d e n o p y r i d i n e (8).They suggest 
t h a t conversion of propynylaminoindene t o the d i h y d r o -
compound i n v o l v e s en Amino C l a i s e n rearrangement f o l l o w e d 
by r i n g c l o s u r e , as shown i n Scheme 95. 
NaOH;EtOri ; «0**C 
H 
(177) 0 
= C=CH 
V c = c= CH. 
Scheme 95 
M i t t a et e l * ^ have developed a new s y n t h e s i s of 5H-indeno-
1,2-b p y r i d i n e (4) and 5H-indeno 1,2-b py r i d i n - 5 - o n e s ( 8 ) . 
Thermal r e a c t i o n of t r i b u t y l ( i n d e n - 3 - y l i m i n o ) - p h o s p h o r a n e 
(178) with 0(, p - u n s a t u r a t e d ketones and aldehydes l e d 
to a Michael-type C-C bond formation and subsequent 
a z a - W i t t i g r e a c t i o n s gave 5H-indeno 1,2-b p y r i d i n e 
derivatives.Scheme 96, 
(178) 
+ 0P6u, 
^ R=Ph,Me R=Ph (19) 89% 
R=Me (32) 62% 
Scheme 96 
The pathway f o r the formation of 2-methyl-5Ii-indeno ^1,2-b -
p y r i d i n e {32) and 2-phenyl-5H-indeno 1,2-b p y r i d i n e C19) 
are shown i n Scheme 97. 
-73 
(32) (19) 
a . enamine type a l k y l a t i o n 
(Michael a d d i t i o n ) 
Scheme 97 
"1^ 
Chapter 7. O b j e c t i v e of the R e s e a r c h 
S m i t h ' ' i n 1986, v / h i l s t a ttempting to make some aza 
analogues of morphactins {^'^^) had been o b l i g e d to seek a 
h i g h y i e l d , low c o s t route to h i s s t a r t i n g m a t e r i a l , 
5H-indeno 1 , 2 - b ^ p y r i d i n e H ) , s i n c e the only s u p p l i e r 
of t h i s compound had withdrawn i t from the market. 
Q Q (179) 
As at t h i s time no high y i e l d , low c o s t route had been 
developed , Smith"'"' attempted two novel r o u t e s to t h i s 
m a t e r i a l ( 4 ) . 
(1) The Vil s m e i e r - H a a c k f o r m y l a t i o n of enamides. 
T h i s i s based on the s y n t h e s i s of q u i n o l i n e s and f u s e d 
p y r i d i n e s developed by Meth-Cohn and V/estwood.Scheme 98, 
CH^COrOH 
Scheme 98 
p o a 
T h e o r e t i c a l l y , enamides d e r i v e d from 1- and 2-indanone 
would produce 2-chloroindeno 1,2-b p y r i d i n e ( 1 8 0 ) and 
2-chloroindeno 1^2,1-b p y r i d i n e (181) r e s p e c t i v e l y ^ S c h e m e 99 
"15 
MH-C 
(182) 
CH, 
POCL 
(180) 
'CH3 /'OC^ 3 
(183) (181) 
Scheme 99. 
Attempts by Smith"'"' to prepare enamides (182 and 183) 
v/ere only p a r t i a l l y s u c c e s s f u l due to the concomitant 
formation of the unusual condensation products (184 and 
185). 
(184) 
( 2 ) , The Wolff rearrangment of benzoquinoline diazoketones 
T h e o r e t i c a l l y , the Wolff rearrangement of benzCh3auinolin-
5,6-diazoketone (186) i n methanol should provide methyl 
5H-indeno 1,2-b p y r i d i n - 5 - c a r b o x y l a t e (187) Scheme 100. 
r (186) CH30H 
Scheme 100 
(187) 
74, 
Smith"'*' found , however, t h a t the product was a dimer, 
"but d i d not i n v e s t i g a t e a l t e r n a t i v e r e a c t i o n c o n d i t i o n s 
which might prevent dimer formation. 
Although n e i t h e r method v/as taken to completion, both 
r o u t e s had produced some i n t e r e s t i n g c h e m i s t r y . 
The present study commenced i n 1987 with the o b j e c t of 
e x p l o r i n g and developing the rou t e s to 5H-indeno 1,2-b • 
p y r i d i n e (4) chosen by Smith"'"' and i n v e s t i g a t i n g o t h er 
g e n e r a l r o u t e s to these compounds w i t h the viev/ to 
i n c r e a s i n g the knowledge of t h i s f a i r l y uncommon c l a s s 
of compound. 
Chapter 8. S y n t h e s i s of I n d e n o p y r i d i n e s by the V i l s m e i e r -
Haack f o r m y l a t i o n of enamidoindenes. 
As p r e v i o u s l y mentioned, Smith'''' (1987) attempted to 
prepare i n d e n o p y r i d i n e s by the Vilsmeier-Haack f o r m y l a t i o n 
of enamidoindenes.Scheme 96. 
F o l l o w i n g the method of B e n - I s h a i and Zehavi f o r the 
p r e p a r a t i o n of l-acetamidooyslohexene, Smith"^'' attempted to 
prepare 1- and 2-acetamidoindene u s i n g the condensation of 
1- and 2-indanone and acetamide i n the presence of the 
c a t a l y s t t o l u e n e - 4 - s u l p h o n i c a c i d ( p - t o s i c acid).Scheme 101. 
(132) 
-to6ic 
NWCOCH3 
(182) 
U 6 8 ) 
Scheme 101 
KHCOCH3 
(183) 
However, the expected enamides were not obtained. I n s t e a d , 
unexpected d i - c o n d e n s a t i o n products (184, 185) were 
obtained.Scheme 102. 
IS 
( 1 3 2 ) 
NHCOCH3 
^ ZT 
( 1 6 8 ) 
NHC0CH3 
(185) 
Scheme 1 0 2 
Smith '' confirned the s t r u c t u r e of 2-ecetamido - 1 (2»-indenyl) 
indene (185) by h y d r o l y s i s of the enamide f u n c t i o n . 
Treatment of (185) w i t h h y d r o c h l o r i c a c i d i n t e t r a h y d r o -
f u r a n gave the corresponding ketone- 1 ( 2 ' - i n d a n y l i d e n e ) -
indan - 2-one U 8 8 ) . Scheme I O 3 . 
r4HCOC>43 
HCL/THP 
(185) Scheme 1 0 3 (188) 
Smith " proposed ,that the acetamidoindenylindenes might 
t h e r e f o r e be formed by s e l f - c o n d e n s a t i o n of the indanone, 
followed by enamide formation, as shown f o r the 2-compound 
Scheme 104. 
(168) 
p--basic , 
(188) 
Scheme ^ 104 
A l t e r n a t i v e l y , the f i r s t step i n the r e a c t i o n might be 
enamide formation followed by the enamide a c t i n g as a 
C-n u c l e o p h i l e towards the unreacted ketone, as i n d i c a t e d f o r 
the 2-compound i n Scheme 105. 
NHCOCM, 
0 68; 
(183; 
bcheme 105 
( 1 8 5 ) 
Of the proposed mechanisms, Smith"'"' thought t h a t the l a t t e r , 
Scheme 1 0 5 , was the most l i k e l y . 
Smith'*'' supported t h i s mechanism by r e a c t i n g 2-acetamidoindene 
( 1 8 3 ) w i t h 2-indanone ( 1 6 8 ) i n r e f l u x i n g toluene c o n t a i n i n g 
p - t o s i c acidoThe expected d i - c o n d e n s a t i o n product ( 1 8 5 ) 
was obtained i n poor y i e l d ( 3 3 5 5 ) . 
Smith"'"',however, did not i n v e s t i g a t e the conversion of 
1(2'-indanylidene)indan-2-one (188) to 2-acetamido-1(2'-
i n d e n y l ) i n d e n e (185)•Scheme 104. 
The c o n c l u s i o n s Smith'^^drew from these experiments were 
t h e r e f o r e based only on p a r t i a l evidence. 
One major o b j e c t i o n to t h i s p o s t u l a t e d pathway i s t h a t 
enamides ere expected to be c o n s i d e r a b l y weaker C - n u c l e o p h i l e s 
then enamines ^ due to the presence of the carbonyl group 
adj a c e n t to the n i t r o g e n atom. 
I n f a c t j L e n z s t a t e s that enamides may be regarded as 
d e a c t i v a t e d enamines. 
Although enamines are known to r e a c t with aldehydes and 
ketones, enamides would be expected to r e a c t even l e s s 
r e a d i l y . i i i r k o f e r et a l have found t h a t enamines do r e a c t 
however, w i t h aldehydes to g i v e a l k y l i d e n e or a r y l i d e n e 
ketones.bcheme 106. 
8U.V, 
+ CfcHsCHO 
Scheme 106 
81 
B i r k o f e r et a l ^ ^ , a l s o found t h a t o c - a l k y l i d e n e ketones 
r e a c t e d with N-(A »-cyclohexenyl)- or N - ( ^ * - c y c l o p e n t y l ) 
morpholine to give 1 , 1 - d i s u b s t i t u t e d alkanes.Scheme 107 
Scheme 107 
A r y l i d e n e d e r i v a t i v e s of cyclopentanone were found to g i v e 
d i - c o n d e n s a t i o n products. Scheme 108. 
Scheme 108 
I n the case of the l a t t e r r e a c t i o n s (Scheme 1 0 8 j , B i r k o f e r 
83 e t a l c l a i m t h a t enamine exchange occ u r r e d as shown i n 
Scheme 109,the u n s a t u r a t e d enamine which r e s u l t s i s then 
claimed to a c t as a C - n u c l e o p h i l e towards cyclopentanone. 
82. 
• a 
o 
Scheme 109 
The r e a c t i o n s are comparable to those p o s t u l a t e d f o r the 
formation of the enamidoindenylidenes, as i n d i c a t e d i n 
Scheme 109. 
I n c o n t r a s t to the r e s u l t s obtained from r e a c t i n g 
acetamide with 2-indanone i n the presence of t o s i c a c i d , 
S m i t l i \ o u n d t h a t omission of the t o s i c a c i d l e d to the 
s u c c e s s f u l production of 2-acetamidoindene (183) i n 20fi 
y i e l d . However, no 1-acetemidoindene (182) could be made. 
AS Smith"'"' was unable to determine the course of r e a c t i o n 
by which these .di-condensation products were produced, i t 
was decided to commence the p r o j e c t by c a r r y i n g out a more 
d e t a i l e d i n v e s t i g a t i o n i n t o the production of the 
di-co n d e n s a t i o n enamides i n the hope th a t c o n d i t i o n s might 
be found f o r a high y i e l d s y n t h e s i s of the r e q u i r e d mono 
condensation products. 
Some of the work of Smith"*"* was t h e r e f o r e repeated. 
B3 
V/hen 1-indanone C132) was r e a c t e d w i t h acetamide i n r e f l u x i n g 
toluene, i n the presence of p - t o s i c a c i d , the expected 
dimer, 1-acetemido - 2 n *-indenyl) indene (.184) was obtained 
i n 44% y i e l d . Scheme 110. 
1sjMaC0CH3 
U 3 2 ) 
Scheme 110 
The i d e n t i t y of the dimer was confirmed by h y d r o l y s i s of 
U 8 4 } with 6M .HCl i n t e t r a h y d r o f u r a n at 45°C f o r 10 hours. 
The enemide f u n c t i o n wes hydrolysed g i v i n g the corresponding 
ketone - 2 U *-indanylidene)indan-1-one (189) i n 38*^ y i e l d . 
Scheme 111. 
NHCOCH^ 
Scheme 111 
An attempt to extend the s y n t h e s i s of the 1-enemidoindenyl-
indenes u s i n g d i f f e r e n t amides, namely propionamide, 
benzamide and cinnamamide was undertaken. A l l of the 
aforementioned amides f a i l e d to r e a c t w ith 1-indanone (132) 
i n the presence of a c i d c a t a l y s t . 
I n each case the s t a r t i n g amide was recovered, together 
with a small amount of 1-indanone {^32) and an unknown 
product w i t h a r e l a t i v e molecular mass of 3 4 2 , to which 
r e f e r e n c e w i l l be made l a t e r i n the chapter. 
The r e a c t i o n of 2-indanone (168) w i t h acetamide i n the 
presence of p - t o s i c a c i d , i n r e f l u x i n g toluene, produced 
2-acetam ido - 1 v 2'-indenyl)i ndene v 1 8 5 ) i n 16% y i e l d . 
Scheme 1 1 2 . 
( 1 6 8 ) 
NHCOft + Ha.O 
Scheme 112 
Under s i m i l a r c o n d i t i o n s , 2 - p r o p i o n a m i d o - ] ( 2 ' - i n d e n y l ) -
indene ( .190) end 2-benzamido-1 (2 ^ - i n d e n y l ; indene 0 91) were 
formed i n 23 end 48f^. y i e l d s r e s p e c t i v e l y . Scheme 1 1 2 . 
Cinnamamide ,however, f a i l e d to r e a c t . I n t h i s case s t a r t i n g 
m a t e r i a l was recovered, together w i t h a product of unknown 
s t r u c t u r e , which had a r e l a t i v e molecular mass of 3 5 6 i 
(Appendix 1 . 1 2 ) 
Again, the i d e n t i t y of the 2-enamidoindenylindenes were 
confirmed by hy d r o l y s i S o When compounds ( 1 8 5 ) , ( 1 9 0 ) and 
(191) were t r e a t e d with bM HCl i n t e t r a h y d r o f u r a n a t 45°C 
f o r 12 hours, the enamide f u n c t i o n was hydrolysed to giv e 
the corresponding ketone- 1 ( 2•-indanylidene)indan - 2-one ( 1 8 8 ) . 
ycheme 113. 
gs 
NrtCOA ! ^ 
(188) 
Scheme 113 
Attempts were then made to prepare 1-acetamidoindene (182) 
f o l l o w i n g the method of Smith'''^ by h e a t i n g acetamide w i t h 
1-indanone M32) i n reflu5:ing toluene, i n the absence of 
the catalyst.Scheme 114. 
Although a c c o r d i n g to Smith''"', t h i s r e a c t i o n d i d not succeed, 
i n t h i s case a small amount of product was obtained, which 
could not be p u r i f i e d s a t i s f a c t o r l y by. r e c r y s t a l l i s a t i o n . 
The product p o s s i b l y c ontained the enemide, a s evidenced by 
mass spectrometry (appendix 1.2) 
KHxCOCH^ 
(132) 
Scheme 114 
KHC0CH3 
0 8 2 ) 
under s i m i l a r c o n d i t i o n s , the amides propionamide, benzamide 
and cinnamamide f a i l e d to r e a c t w i t h 1-indanone ( 1 3 2 ) . 
8t 
The r e a c t i o n between 2-indanone U 6 8 ) and acetamide i n 
r e f l u x i n g toluene, i n the absence of the c a t a l y s t , d i d work 
however, to give 2-acetamidoindene (,183) i n moderate y i e l d 
{^6%).Scheme 115. 
(168) 
Scheme 115 
under s i m i l a r c o n d i t i o n s , 2-propionamidoindene (192) 
was prepared i n 34% y i e l d . Benzamide and cinnamamide, 
however, f a i l e d to r e a c t w i t h 2-indanone ( 1 6 8 ) . 
From these r e s u l t s , i t appears t h a t a t t a c k by the 
amides i s more f a c i l e a t the 2 - p o s i t i o n , than the 1-
position^>-to form the r e s p e c t i v e enamides. 
T h i s may be due to e l e c t r o n i c e f f e c t s ; i t i s p o s s i b l e t h a t 
n u c l e o p h i l x c a t t a c k does not occur because the charge on 
the c a r b o n y l group of 1-indanone 0 32) i s d e l o c a l i s e d 
throughout the benzene r i n g , making the c a r b o n y l carbon 
much l e s s e l e c t r o p h i l i c . S c h e m e 1 l 6 . 
o ® t 
S cheme 116 
When the carbonyl group i s i n the 2- p o s i t i o n , charge 
d e l o c a l i s a t i o n cannot occur because the ca r b o n y l group i s 
no l o n g e r conjugated w i t h the benzene r i n g . 
81 
I t would t h e r e f o r e be expected t h a t 2-indanone K^G8) would 
be more r e a c t i v e than 1-indanone ( 1 3 2 ) , as confirmed i n 
the afore-mentioned experiments. 
The r e s u l t s obtained on the r e a c t i o n of 1 - and 2-indanone 
with the v a r i o u s amides, both i n the absence and presence 
of the a c i d c a t a l y s t , toluene-4-sulphonic a c i d , are 
summarised i n T a b l e 2 , pageW. 
As i n d i c a t e d i n ochemes 104 and 105, t h e r e a r e two 
a l t e r n a t i v e pathways by which the di-condenation enamides 
may be formed. 
Route 1o By the enaniidoindene a c t i n g as a C - n u c l e o p h i l e 
towards u n r e e c t e d indanone, or 
Route 2. By amide a t t a c k of the s e l f - c o n d e n s a t i o n product 
of indanone. 
Both r o u t e s are shovm below, f o r 2-indanone 0 68) and 
acetamide , i n Scheme 117. 
MHCOCH 
(188) 
Scheme 117 
(185) 
^^ """"^ "^^ ^ -R 
Product "^"""^ ^^ ^^  -CH=CHCtH5 
2 
? • X X X 
i t fcV. X X 
u 
X 
1-
3 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
X X X 
Table 3. . Nummary of the r e a c t i o n s between 
amides and indanones t o form enamidoindenes 
and enamidoindenylidenes.(% y i e l d s given.) 
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The f e a s i b i l i t y of Route 2 could be examined by r e a c t i n g 
(188) and (189) w i t h acetamide i n the presence of p - t o s i c 
a c i d . 
The dimeric ketones - 1 (2 *-indanylidene)indan-2'0ne (188) e.nd 
the corresponding isomer, 2C1'-indanylidene)indan-1-one 
(189) r e q u i r e d could not be obtained commercially and had 
t o be synthesised. 
I t i s known t h a t 1-indanone U 3 2 ) can undergo a c i d - c a t a l y s e d 
s e l f - c o n d e n s a t i o n (Kipping***",Williams*^ , Metz^^) to form 
2v 1 *-indanylidene)indan-1-one U 8 9 ) . As shov/n by B e l l and 
Spanswick and Ivletz*^(, 189) may also be obtained by s e l f -
condensation under a l k a l i n e c a t a l y s i s . 
Using the method of B e l l and Spans\vick° , the ketone (189) 
was prepared i n 64% yield.Scheme 118. 
CH3OH ) a .Kr5 
(132; (189) 
Scheme 118 
2-Indanone ( I 6 8 ) can also undergo s e l f - c o n d e n s a t i o n t o form 
1(2'-indanylidene)indan-2-one^(188),apparently, only under 
basic c o n d i t i o n s , as no ref e r e n c e i s made i n the l i t e r a t u r e 
f o r the p r e p a r a t i o n of (188) under a c i d i c c o n d i t i o n s . 
Therefore, u s i n g the method of T r e i b s and S c h r o t h ^ ,(188) 
was obtained i n 75% yield.Scheme 119. 
(168) 
Scheme 119 
Although, 2-indanone vl68) i s not knovm t o undergo s e l f -
condensation under a c i d i d c c o n d i t i o n s , the p o s s i b i l i t y 
v/as examined by h e a t i n g 2-indanone U 6 8 ) w i t h p - t o s i c 
a c i d i n r e f l u x i n g toluene f o r 2 days. 
o t a r t i n g materal was recovered i n 55/? y i e l d , t o g e t h e r w i t h 
a product of unlcnovm s t r u c t u r e , which had a r e l a t i v e 
molecular mass of 360, as shown by mess spectrometry, 
(.appendix 1 o I 5 ) <> 
Although, f o r 2-indanone ( 1 6 8 ) , the dimeric enamide (185) 
v/as prepared i n 39^ y i e l d by r e a c t i n g the dimeric ketone 
^188) w i t h acetamide, under a c i d i c c o n d i t i i o n s , since 
1(2•-indanylidene)indan-2-one (188) cannot be formed under 
a c i d i c c o n d i t i o n s , i t i s reasonable to assume t h a t the 
p o s t u l a t e d Route 2 i s i n c o r r e c t , tjcheme 120. 
^1 
bcheme 120 
'i'he a l t e r n a t i v e route p o s t u l a t e d (Route 1) seems t h e r e f o r e , 
more l i k e l y . T h e p o s s i b l e mechanism of f o r m a t i o n of the dimer 
enamides v i a Koute 1 i s shovm i n Scheme 121, 
ymith"*"* obtained support f o r Route 1 . by h e a t i n g . 
2-acetamidoindene (183) w i t h 2-indanone (168) i n r e f l u x i n g 
toluene c o n t a i n i n g p - t o s i c a c i d , t o o b t a i n the d i -
condensation enamide ( 1 8 5 ) i n - 3 3 ^ yield.Scheme 105. 
To co n f i r m t h i s f i n d i n g , the above experiment v/as repeated. 
The enamide (185) vvas obtained i n 76% y i e l d o T h i s f i n d i n g 
was extended t o 2-propionamide ( 1 9 2 ) , where 2-propionamido-
1 ( 2 * - i n d e n y l ) i n d e n e (190; was obtained i n 6S% y i e l d . 
The mechanism of f o r m a t i o n of (185j and (190) maybe as 
shown i n Scheme 121. 
9 1 
® 
MHCOft. 
Scheme 121 
^3 
C o n t r o l experiments were c a r r i e d out i n order t o 
i d e n t i f y the r e a c t i o n r o u t e . 
2-Iiidanone ( l 6 8 ) and propionamide were heated t o g e t h e r 
i n r e f l u x i n g toluene, i n the presence of toluene-4-
sulphonic a c i d , samples were taken every )^ hour and 
examined by T.L.C. 
As expected, the r e s u l t s of t h i s experiment suggests t h a t 
the r e a c t i o n proceeds v i e Route 1. T L C examination 
w i t h a u t h e n t i c samples i n d i c a t e d t h a t 2-propionamidoindene 
(192J was formed d u r i n g the r e a c t i o n . 
un completion 2-propionamido-l (2 *-indenyl jindene U 9 0 j 
was obtained i n moderate y i e l d s . 
I n c o n t r a s t t o the 2-compound, 1-indanone (132) can undergo 
s e l f - c o n d e n s a t i o n under a c i d i c c o n d i t i o n s t o form 
2^1 '-indanylidene;indan-1 -one U 8 9 ) . 
Therefore, the dimer - 1-acetamido-2(1'-indenyl)indene (184) 
may a r i s e by the r e a c t i o n of acetamide w i t h the dimer 
ketone (189) - Route 2. 
Th i s was confirmed experimentally.When (189) was re a c t e d 
w i t h acetamide, i n the presence of a c i d c a t a l y s t , 
1-acetamido-2(1'-indenyDindene (184) was obtained i n 43f? 
yield.Scheme 122. 
o 
p-+QS(C Oxia 
Scheme 122 
^4-
A l t e r n a t i v e l y , (184) may be obtained by 1-acetamidoindene 
(182) a c t i n g as a C-nucleophile towards 1-indenone (132), 
an a d d i t i o n f o l l o w e d by dehydration (Route 1 ) . 
Th i s route c o u l d not be confirmed, as pure 1-acetamidoindene 
(182) could not be obtained. 
V/hich r o u t e the r e a c t i o n f o l l o w s , f o r 1-indanone ( 1 3 2 ) , 
t h e r e f o r e i s not known. 
High f.-lolecular Weight Compounds. 
The compound formed under a c i d i c c o n d i t i o n s , when 1-indanone 
( I 3 2 ) was heated w i t h the amides - propionamide,benzamide 
and cinnamamide, i n r e f l u x i n g toluene, i n the presence of 
p - t o s i c a c i d , was found t o have a molecular weight of 342, 
A search of the l i t e r a t u r e revealed t h a t both K i p p i n g 
and r.'Ietz^** r e p o r t e d the f o r m a t i o n of a compound knov.-n as 
•Truxene' or 10,15-Dihydro-5H-diindeno 1,2-a;1',2'-c 
f l u o r e n e (193) which has a r e l a t i v e molecular mass of 342. 
I n the case of h'letz , t h i s compound was formed as a 
byproduct i n the p r o d u c t i o n of 1-indanone (132) from 
hydrocinnamic a c i d , i n the presence of polyphosphoric 
a c i d . 
S5 
To confirm t h a t 'Truxene* arose as a d i r e c t r e s u l t of 
a c i d - c a t a l y s e d condensation of 1-indanone (132), a c o n t r o l 
experiment was c a r r i e d out i n which 1-indenone (132) was 
heated w i t h p - t o s i c a c i d i n r e f l u x x n g t o l u e n e . 
A f t e r 48 hours, yellow c r y s t a l s which had a r e l a t i v e 
molecular mass of 342 v/ere obtained , 
tog e t h e r w i t h a fawn s o l i d which had a r e l a t i v e molecular 
mass of 356. 
A s i m i l a r experiment u s i n g 2-indanone ( l 6 8 ) i n place of 
1-indanone (132) a f f o r d e d a pale green s o l i d , which had a 
r e l a t i v e molecular mass of 360. 
I t appears t h a t when 1-indanone (132) i s heated i n 
r e f l u x i n g toluene w i t h p - t o s i c a c i d , high molecular weight 
compounds of unknov/n s t r u c t u r e are formed , as shown by 
mass spectrometry (Appendix 1.11 ; 1.12 ) 
The elemental a n a l y s i s data obtained f o r synthesised 
Truxene (19^) was e x c e l l e n t , c o n f i r m i n g t h a t the r e l a t i v e 
molecular mass of the compound formed by the s e l f -
condensation of 1-indanone (132) i n the presence of p - t o s i c 
a c i d i n r e f l u x i n g toluene i s 342, t h a t i t has a molecular 
formula of ^27^18 t h a t the compound i s a u t h e n t i c 
'Truxene' or 10,15-Dihydro-5H-diindeno 1,2-a;1',2'-c -
f l u o r e n e ( 1 9 ^ ) . 
The elemental a n a l y s i s data obtained f o r the compounds w i t h 
r e l a t i v e molecular masses of 356 and 360 was i n c o n c l u s i v e , 
and s t r u c t u r e s could not be assigned t o these compounds. 
As r e f e r r e d t o on pages and IB , when the r e a c t i o n betv/een 
1-indanone 0 32) and the amides -propionamide, benzamide and 
cinnamamide f a i l e d t o give the de s i r e d enamidoindenylindenes, 
Truxene was obtained, as evidenced by Mass bpect r a 
(appendix 1.1 I )* 
When 1-indanone (132) was heated f o r 4 days w i t h p - t o s i c 
a c i d i n r e f l u x i n g toluene, truxene k^93) was obtained i n 
very poor y i e l d (15?). 
T i m e - c o n t r o l l e d experiments were c a r r i e d out where 
1-indanone (132) was r e f l u x e d v.dth a c i d f o r a sho r t 
p e r i o d of time 1,2 days) and a lo n g p e r i o d of time (7 
days). 
A f t e r h e a t i n g f o r 2 days, the dicondensation product-
2(1 '-indanylidene)indGn-1-one (189) v^es obtained i n 95^ ,^ 
y i e l d o 
A f t e r 7 days, however, two products were obtained. These 
were the dicondensation ketone (189) i n 25/5 y i e l d , and 
truxene ( 1 9 3 ) , obtained i n y i e l d . 
I t t h e r e f o r e appears t h a t the product obtained on s e l f -
condensation of 1-indanone (132; i s dependent on time. 
To v e r i f y t h a t t h i s i s what occurs, a f u r t h e r experiment 
was c a r r i e d out where 2(1 *-indanylidene)indan-1-one (189) 
was heated f o r 5 days i n r e f l u x i n g t o l u e n e , i n the presence 
of p - t o s i c a c i d . 
The major product on c o o l i n g was truxene (193) w i t h some 
unreacted ketone ( 1 8 9 ) . 
The evidence suggests t h a t when 1-indanone (132) and an 
amide are heated t o g e t h e r i n the presence of p - t o s i c a c i d , 
two competing r e a c t i o n s occur.One leads t o the f o r m a t i o n of 
enamidoindenylindenes, the other leads to the f o r m a t i o n of 
truxene U93).scheme 123. 
(132) 
(189) 
(182) 
£ncu*^^irulci*Ajt»*^^lwaas (184) 
or TrUL^tfiwB. (193) 
Scheme 123 
E a r l i e r i n the chapter, i t was noted t h a t 2-8cetemido-
indene (183) had been synthesised i n y i e l d s of upto 46?5. 
Having i n v e s t i g a t e d the r o u t e s to the v a r i o u s dimer-type 
p r o d u c t s , a t t e n t i o n was t u r n e d to making some more 
2-acetamidoindene (183) w i t h a view t o i n v e s t i g a t i n g the 
vilsmeier-Haack f o r m y l a t i o n . 
A s i g n i f i c a n t amount of 2-indanone U 6 8 ) was prepared by the 
method of Rosen,Dorfman and i , i n f i e l d , as opposed t o the 
customary p r a c t i c e of u s i n g the m a t e r i a l from A l d r i c h , 
e i t h e r as r e c e i v e d or p u r i f i e d by steam d i s t i l l a t i o n . 
However, the r e a c t i o n between acetamide and the new 
2-indanone (168) f a i l e d . 
so 
At the same time (Feb 1990), Miss A Homfray was a t t e m p t i n g 
t o make some 2-acetamidoindene (183) as p a r t of her BSc 
undergraduate research p r o j e c t and had noted t h a t j t h e 
condensation r e a c t i o n v/orked i f crude commercial 2-indanone 
(132) was used, but f a i l e d i f p u r i f i e d m a t e r i a l was 
employed. 
a A 
Homfray showed,using T L C , t h a t commercial 2-indanone 
(168) contained 2 a d d i t i o n a l i m p u r i t i e s which were not 
i d e n t i f i e d . 
I t seemed t h a t 2-acetamidoindene (183) was produced v i e an 
i m p u r i t y i n the commercial indanone.The i m p u r i t y and i t s 
e f f e c t s are not known. 
se v e r a l of the a c i d c a t a l y s e d r e a c t i o n s of 2-indanone (168) 
p r e v i o u s l y r e f e r r e d t o , were repeated u s i n g pure 2-indanone 
and were found t o work as described, i n d i c a t i n g t h a t the 
conclusions of t h i s p a r t of the work were sound. 
Due to t h i s r a t h e r unusual circumstance,the V i l s m e i e r -
Haack work was d i s c o n t i n u e d , as there was l i t t l e p o i n t i n 
c o n t i n u i n g work where the a v a i l a b i l i t y of the s t a r t i n g 
m a t e r i a l v2-acetamidoindene ^183)), was u n c e r t a i n , t o 
say the l e a s t . 
I n a d d i t i o n , as two v i a b l e , low cost syntheses t o 
ind e n o p y r i d i n e s (DuPriest et a l ; Alves et a l ) had r e c e n t l y 
been p u b l i s h e d , i t was decided t o lo o k a t a v a r i e t y of 
in d e n o p y r i d i n e s made by these routes and ,time a l l o w i n g , 
r e t u r n t o the problem-of the synt h e s i s of 2-acetamido-
indene l a t e r . 
I n 1992, t h e p r e p a r a t i o n of 2-acetamidoindene(183) was again 
repeated u s i n g commercially s u p p l i e d 2-indanone ( 1 6 8 ) -
A l d r i c h , used as r e c e i v e d . 
The d e s i r e d 2-acetamidoindene (183) v/as o b t a i n e d i n very low 
y i e l d ( 7 % ) . R e p e t i t i o n of t h i s experiment u s i n g pure 
2-indanone was u n s u c c e s s f u l . 
Again, i t appears t h a t (183) was produced v i a an i m p u r i t y 
i n the commercial indanone. 
2-Indanone (168) was synthesised i n bulk and allov/ed t o 'age' 
iiJxperiments were c a r r i e d out, approximately every 5 days, 
between acetamide and 2-indanone (168) i n r e f l u x i n g t o l u e n e . 
The l a s t experiment was C E i r r i e d out u s i n g 99-<iay o l d 
indanone .On no occasion v/as 2-acetainidoindene (183) 
produced. 
The l a c k of time prevented any f u r t h e r attempts to t r y t o 
r e s o l v e t h i s p r o b l e m . l t i s e v i d e n t , t h e r e f o r e , t h a t these 
r e a c t i o n s warrant f u r t h e r i n v e s t i g a t i o n . 
l o o 
Chapter 9- Attempted S y n t h e s i s of Indenopyridines By The 
Wolff Rearrangement of Diazoketones. 
An a l t e r n a t i v e p o t e n t i a l route to d e r i v a t i v e s of 51i-indeno-
1,2-bJpyricin-5-one ( 8 ) i n v o l v e s the Wolff rearrangement 
of benzCh3quinolin-5,6-diazoketone ( 1 8 6 ) . 
F o l l o w i n g the work of Sua e t al',' Smith^photolysed 
(186) i n the presence of methanol i n an axtempt to prepare 
the methyl e s t e r (187).Scheme 124. 
(V\<,OH 
h i 
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Scheme 124 
F l a s h chromatography of the r e s u l t i n g r e a c t i o n mixture 
a f f o r d e d a s o l i d i n s t e a d of the o i l expected f o r the methyl 
e s t e r (bp 169-175 C ) , ( 1 8 7 ) ^ F o l l o w i n g f u l l c h a r a c t e r i s a t i o n 
of t h i s s o l i d , Smith"'^assigned i t the s t r u c t u r e of the dimer 
b i s - 5 , 5 ' ( m e t h y l 5n-indeno 1 , 2 - b j p y r i d i n - 5 - c a r b o x y l a t e ) , 
( 1 9 4 ) . 
(194) 
Smith^'proposed t h a t , assuming (187) i s p h o t o l a b i l e , (194) 
may a r i s e by hemolytic cleavage of the C5-H bond of methyl 
5H;-indeno 1,2-b p y r i d i n - 5 - c a r b o x y l a t e ( 1 8 7 ) , followed by 
recombination of the r a d i c a l s . 
( O l 
F u r t h e r attempts by Smith"'"' to o b t a i n (187), both by 
p h o t o l y s i s and thermal decomposition,-failed. Complex 
mixtures v;ere obtained from the r e a c t i o n from which n e i t h e r 
the dimer (194), nor the r e q u i r e d methyl e s t e r (187) could 
be i s o l a t e d . 
As y m i t i i ^ i d not i n v e s t i g a t e a l t e r n a t i v e r e a c t i o n c o n d i t i o n s 
which might prevent dimer f o r m a t i o n , i t was decided t o c a r r y 
out a d e t a i l e d i n v e s t i g a t i o n t o f i n d c o n d i t i o n s under which 
rearrangement occurs, w i t h o u t d i m e r i s a t i o n , to a f f o r d the 
d e s i r e d compound, (187). 
The W o l f f rearrangement. 
The A r n d t - i : ; i s t e r t s y n t h e s i s i n v o l v i n g r e a c t i o n of sn a c i d 
c h l o r i d e w i t h diazomethane f o l l o w e d by the rearrangement 
of the r e s u l t i n g diazoketone, has become a w e l l e s t a b l i s h e d 
and u s e f u l method f o r c o n v e r t i n g en a c i d i n t o i t ' s next 
higher homologue. 
O O H ^ « 
(y V±; Heat. 
ihe l a s t step i n the s y n t h e s i s i s the W o l f f rearrangement 
v/hich can be induced by t h e r m o l y s i s , p h o t o l y s i s or c a t a l y s i s 
by Ag"*" i o n s . 
The W o l f f rearrangement has been known f o r 70 years and i s 
s p e c i f i c t o o(-diazoketones.It i n v o l v e s the conversion of 
e<-diazoketones i n t o acids and t h e i r d e r i v a t i v e s when 
induced by the methods mentioned above. 
I n v a r i a b l y , the r e a c t i o n i s c a r r i e d out i n the presence of 
water, a l c o h o l s or aqueous ammonia when the product i s the 
c a r b o x y l i c a c i d , e s t e r or amides r e s u l t i n g from a t t a c k of 
the s o l v e n t on the ketene i n t e r m e d i a t e produced by the 
m i g r a t i o n step (Scheme 125). 
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The f o r m a t i o n of ketenes i n the rearrangement of 
diazoketones had been demonstrated e x p e r i m e n t a l l y i n 
several cases, and although they themselves are not i s o l a t e d 
products of t h e i r f u r t h e r t r a n s f o r m a t i o n s areo This i s 
i l l u s t r a t e d f o r phenanthrene-9,10-diazoketone (195),which 
i s shovm i n the p r e f e r r e d S-Z conformation.Reaction of the 
ketene (,196) i n the presence of t e r t b u t y l a m i n e produces the 
amide (197), w h i l s t the r e a c t i o n i n the presence of water 
gave the c a r b o x y l i e a c i d (198).Scheme 126. 
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Apart from the A r n d t - E i s t e r t homologisation, the main 
a p p l i c a t i o n of the Wolff rearrangement i s r i n g c o n t r a c t i o n . 
As demonstrated by Sus^** ,*^^the W o l f f rearrangement cen be 
used v;ith o-ouinone dia z i d e s v/here r i n g c o n t r a c t i o n occurs 
p r o v i d i n g access t o the cyclopentadiene s e r i e s ; t h i s i s 
sometimes r e f e r r e d t o as the Sus r e a c t i o n * .For example, 
Sus et a l prepared f l u o r e n e - 9 - c a r h o x y l i c a c i d U98) 
i n 80-88% y i e l d by the p h o t o l y s i s of phenanthrene-9,10-
diazoketone (195) i n aqueous dioxan c o n t a i n i n g a c e t i c a c i d . 
Scheme 127. 
CO^H 
(195) Scheme 127 (198) 
I t appears t h a t bus^'^v/as the f i r s t t o apply the Wolff 
rearrangement t o h e t e r o c y c l i c o<-diazoketones i n 1953. 
For example,photolysis of 3-diezo-2,3-dihydro-2-oxopyridine 
(199) gave p y r r o l e - 2 - c a r b o x y l i c a c i d (200),Scheme 128, 
(199) 
^ I I 
H (200) Scheme 128 
S i m i l a r l y , p h o t o l y s i s of 3-diazo-3, 4-dihydro-4-oxo-1,6(.&7) 
diezanaphthalenes (,201,202; gave the corresponding 1,5(&6) 
di-azaindene-3-carboxylic acids (203,204) i n 50*^ yields*'"^ 
bcheme 129o 
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The s t a r t i n g m a t e r i a l r e q u i r e d f o r the present study was 
the dione : benzCh3quinolin-5,6-dione ( 9 9 ) . T h i s was 
prepared u s i n g the method of Kloc e t a l '"^  , by o x i d a t i o n 
of the corresponding benzoquinoline (205) w i t h i o d i n e 
pentoxide.Scheme 130. 
(205) ' (99) 
Scheme 130 
The dione was p u r i f i e d by e x t r a c t i o n i n t o c h l o r o f o r m . 
R e c r y s t a l l i s a t i o n from ethanol a f f o r d e d the pure dione (99) 
i n 40% y i e l d o 
An a l t e r n a t i v e procedure f o r p u r i f i c a t i o n of the dione, a l s o 
by Kloc et a l " ^ ' , i n v o l v e d d i s s o l v i n g the dione i n benzene. 
lO(o 
The benzene, t o g e t h e r w i t h any remaining i o d i n e , v;as then 
d i s t i l l e d o f f and t h i s was repeated u n t i l the d i s t i l l a t e . w a s 
colourless,The product was then d e c o l o r i s e d w i t h c h a r c o a l . 
R e c r y s t a l l i s a t i o n from ethanol a f f o r d e d the pure dione ( 9 9 ) . 
Using t h i s method,however, y i e l d s were reduced t o 3 5 ^ ^ . I t 
was thought t h a t the p r e p a r a t i o n of 5 ,6-dioxobenzCh3-
q u i n o l i n i u m c h l o r i d e (206) might be used t o p u r i f y the 
dione (99).Scheme 1 3 1 . 
(206) 
o pure (99) 
Scheme 131 
The dione was removed as a s a l t (206) and the f r e e bases 
being released on r e c r y s t a l l i s a t i o n from a c e t o n i t r i l e . 
T h i s proved t o be a good method, benzDi3quinolin - 5 »6-dione 
(99) being obtained i n 62^ y i e l d . T h i s method was t h e r e f o r e 
used f o r p u r i f i c a t i o n of the dione. 
BenzCh3quinolin - 5 ,6-diazoketone (186) was prepared i n 13% 
y i e l d according t o t i e method of Smith"'"'.Scheme 132. 
(99) 
Scheme 132 
(186) 
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Attempted rearrangement by Thermolysis, 
I n i t i a l attempts were made t o produce the i n d e n o p y r i d i n e -
benzyl 5H-indeno 1,2-b p y r i d i n - 5 - c a r b o x y l a t e (207) by 
th e r m o l y s i s of benzCh3quinolin-5,6-diazoketone (186) i n the 
presence of benzyl alcohol.Scheme 133. 
Scheme 133 ^207) 
I t v.-es thought t h a t the l a r g e benzyl group might prevent 
d i m e r i s e t i o n , v/hich was observed by vSmith*'^ v/ith the small 
methyl group. 
Wilds and Meader also s t a t e t h a t the most e f f i c i e n t thermal 
procedures i n v o l v e d decomposition of the diazoketone i n 
benzyl a l c o h o l . 
ihe rearrangement was,therefore, attempted i n benzyl a l c o h o l 
w i t h t r i e t h y l a m i n e as the t e r t i a r y base.The t e r t i a r y amine 
may increase the y i e l d s of product i n thermal 
CIO 
re arrangement s 
N i t r o g e n e v o l u t i o n was r a p i d v/hen the r e a c t i o n s o l u t i o n was 
placed i n an o i l bath at 180*^ C and a f t e r 5 minutes n i t r o g e n 
e v o l u t i o n c e a s e d , i n d i c a t i n g t h a t the r e a c t i o n v/as complete. 
P r e p a r a t i v e T L C showed t h a t f o u r products had been formed 
The products were separated by f l l a sh chromatography, the 
i n i t i a l eluent was e t h y l acetate (5^0 and petroleum s p i r i t 
(955^j) w i t h the r a t i o of e t h y l acetate being g r a d u a l l y 
increased t o 10?5.The fra.ctions were c o l l e c t e d and examined 
by T.L.C. and those c o n t a i n i n g s o l u t e s w i t h s i m i l a r Rf 
values were combined. 
As evidenced by i n f r a r e d spectroscopy, of the f o u r f r a c t i o n s 
t h a t were obtained, only two f r a c t i o n s ( f r a c t i o n s 3 and 4 ) 
contained an e s t e r carbonyl a b s o r p t i o n ( 0 C = 0 1740 and 1 7 1 5 
cm"^ r e s p e c t i v e l y ) . 
Iviass s p e c t r a l a n a l y s i s showed t h a t these f r a c t i o n s a l s o 
contained i n d e n o p y r i d i n e fragments i n d i c a t i v e of the 
d e s i r e d product ( 2 0 7 ) (Appendix 1.lt> end 1.11 ) . 
Smith's work, i n d i c a t e s t h a t i n d e n o p y r i d i n e s have a 
recognizable f r a g m e n t a t i o n p a t t e r n . Mass s p e c t r a l f e a t u r e s 
i n d i c a t i n g the presence of i n d e n o p y r i d i n e s are shown below : 
m/z l « l 
H H 
m/z I t ! 
m/z IS3 
The l a s t f r a c t i o n ( f r a c t i o n 4 ) had the aforementioned . 
fragments as w e l l as other fragments i n d i c a t i v e of the 
desired product ( 2 0 7 ) .These fragments had m/z 2 2 4 and 
m/z 301 (appendix l . n ) whose suggested s t r u c t u r e s are 
i n d i c a t e d below. 
COa.CH 
m/z SOI m/z 
From mass s p e c t r a l a n a l y s i s , t h e r e i s no evidence of 
dimer f o r m a t i o n . 
Attempts t o p u r i f y f r a c t i o n 4 by f l a s h chromatography, 
however,proved unsuccessful. 
R e p e t i t i o n of t h i s experiment gave several products.Again, 
attempts t o p u r i f y the f i n a l f r a c t i o n s were unsuccessful. 
Rearrangement was then t r i e d by r e a c t i n g the diazoketone (186) 
i n r e f l u x i n g ethanol w i t h the t e r t i a r y a m i n e , t r i e t h y l a m i n e . 
A f t e r r e a c t i o n was complete,the product was examined by 
T h C which i n d i c a t e d two components , s t a r t i n g m a t e r i a l 
and p u t a t i v e product.Kemoval of the solvent,however,gave 
87^^ recovery of the diazoketone v186) ,only.'i'his r e a c t i o n 
was not pursued f u r t h e r . 
Heating the diazoketone v1B6) i n r e f l u x i n g ethanol f o r 9 
hours, i n the absence of t r i e t h y l a m i n e a lso proved t o be 
unsuccessful.The s t a r t i n g m a t e r i a l v;as recovered i n 93*^ ^ 
y i e l d . 
The same also occurred i n benzyl a l c o h o l T L C examination 
p f the r e a c t i o n s o l u t i o n i n d i c a t e d no change.The r e a c t i o n 
m i x ture was then d i v i d e d i n t o two. 
The f i r s t h a l f of the s o l u t i o n was a c i d i f i e d and e x t r a c t e d 
i n t o c h l o r o f o r m . 
T.L.C. examination i n d i c a t e d f o u r products which were 
i s o l a t e d by p r e p a r a t i v e T.L.C.,the bands which r e s u l t e d 
were scraped from t h e . p l a t e s and placed i n c e n t r i f u g e tubes. 
\ 10 
They v/ere e x t r a c t e d w i t h c h l o r o f o r m by c e n t r i f u g i n g f o r 
15 minutes a t 1.5 x 1000 ^/min. 
I n f r a r e d examination of the r e s u l t i n g f o u r f r a c t i o n s 
i n d i c a t e d t h a t no carbonyl e s t e r group was present'; mass 
s p e c t r a l a n a l y s i s shov/ed t h a t no i n d e n o p y r i d i n e fragments 
(m/z 181,166,154) were present. 
The second h a l f of the r e a c t i o n mixture was subjected t o 
u l t r a s o n i c a t i o n which had no e f f e c t on the diazoketone (186) 
Summary. 
I n i t i a l attempts t o rearrange benzCh3quinolin-5,6-diazo-
ketone (186) by th e r m o l y s i s proved p r o m i s i n g . P u r i f i c a t i o n 
by T L C of the r e a c t i o n m i xture gave several f r a c t i o n s ; 
each f r a c t i o n contained s e v e r a l components, which when 
examined by mass spectrometry suggested t h a t the d e s i r e d 
i n d e n o p y r i d i n e C207) v/as present. However, attempts t o 
p u r i f y these f r a c t i o n s by f l a s h chromatography proved 
f r u i t l e s s . 
\ I I 
Rearrangement by P h o t o l y s i s . 
As attempts t o o b t a i n i n d e n o p y r i d i n e s by the W o l f f 
rearrangement of ( 1 8 b ) under thermal c o n d i t i o n s proved 
unsuccessful, a t t e n t i o n was turned t o the use of p h o t o l y s i s 
t o induce rearrangement. 
P h o t o l y s i s , o r i g i n a l l y discovered by Horner , i s the more 
s u p e r i o r method f o r the V/olff rearrangement, normally 
succeeding v/here thermal and c a t a l y t i c approaches merely 
r e s u l t e d i n C-H i n s e r t i o n . 
o(-0xo carbenes a r i s i n g as i n t e r m e d i a t e s i n the W o l f f 
rearrangement may i n s e r t i n t o C-H, C-C ,C-0 , 0-H bonds. 
For example, compound (208) does not undergo rearrangement 
by i r r a d i a t i o n , but i n s e r t i o n instead'^'^.Scheme 134. 
OCH; 
(208) 
Scheme 134 
The l i m i t of p h o t o l y s i s i s reached when the product i t s e l f 
i s p h o t o l a b i l e under the i r r a d i a t i o n c o n d i t i o n s ? ^ 
There are considerable advantages i n i n d u c i n g the W o l f f 
rearrangement by photolysis.These i n c l u d e m i l d r e a c t i o n 
c o n d i t i o n s . The experiments are, p r a c t i c a l l y , f a i r l y 
simple and there i s a r e d u c t i o n i n the p o s s i b i l i t y of side 
r e a c t i o n s . 
The wavelength chosen should be as l o n g as p o s s i b l e and f o r 
as sh o r t a time as p o s s i b l e . Decreasing the wavelength , i e 
i n c r e a s i n g the energy of the r a d i a t i o n , leads to an increase 
i n the amount of byproducts produced. 
m order to e s t a b l i s h r e l i a b l e experimental c o n d i t i o n s f o r 
the p h o t o l y s i s of benzCh"^ouinolin-55 6-diazoketone ( l g b ) , t h e 
analogous c a r b o c y c l i c compound, 9-diazo - 10-phenanthrone (1^5 ) 
was photolysed. 
Kinson and Trost^^'have r e p o r t e d the synthesis of (»*^ T ) by 
rearrangement of the diazoketone ( n 5 ) , Scheme 135^ 
H^^COt4Hc(cMi)^ ( 197 ) 
(195 ) o Scheme 135 
However, no experiments! data nor p h y s i c a l p r o p e r t i e s f o r 
(1^7) were given.This rearrangement was t h e r e f o r e r e - i n v e s t i g s t e d 
t o e s t a b l i s h r e l i a b l e c o n d i t i o n s . 
The diazoketone ( H 5 ) was obtained i n .good y i e l d by the 
r e a c t i o n of 9 ,lO-phenenthraquinone w i t h t o l u e n e - 4 - s u l p h o n y l -
hydrazide, u s i n g t h e method of Cava et a l * ^ . 
The tosylhydrazone (10*1) which i s i n i t i a l l y formed when the 
dione (x io ) r e a c t s w i t h t o l u e n e - 4 - s u l p h o n y l h y d r a z i d e 
decomposes spontaneously to give the diazoketone (195) i n 
53^3 yield.Scheme 136 . 
210 ( 209 ) 
Scheme 136 
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9-diazo - 1 0-phenanthrone U 9 5 ) vvas d i s s o l v e d i n toluene 
togeth e r w i t h t e r t b u t y l a m i n e and was i r r a d i a t e d f o r 20 
hours w i t h a low pressure (.LP) mercury lamp.The amide ( 1 9 7 ) 
was obtained i n 8 6 % y i e l d .Scheme 1 3 5 . 
Although there was a s l i g h t discrepancy i n the elemental 
a n a l y s i s (Pound C 8 3 . 1 1,H 6.58 , fl 4 . 8 9 ; Required C 81 , 5 0 , 
H , 7.17 , ri 5.28), the i d e n t i t y of the amide ( 1 9 7 ) was 
confirmed as being 9H-fluorene-9N-tertbutylcarboxamide on 
the basis of s p e c t r a l data (Infra-red,^H-H 3 2 6 5 ;amide I l\ 
I I 1650 & 1555cm"' ';Mass Spectrum Appendix 1.19) .The s p e c t r a l 
p r o p e r t i e s of ( 1 9 7 ) have not been described p r e v i o u s l y . 
The p h o t o l y s i s of benzCriDquinolin - 5 , 6-diazoketone (186) was 
c a r r i e d out i n the same manner as t h a t of ( 1 9 5 ) . 
(186) was d i s s o l v e d i n toluene t o g e t h e r w i t h t e r t b u t y l a m i n e . 
The s o l u t i o n was i r r a d i a t e d at room temperature f o r 25 hours 
u s i n g a LP lamp, T L C examination of the s o l u t i o n showed 
t h a t two components were present,which were assumed t o be 
the s t a r t i n g m a t e r i a l ( R f 0 , 3 7 ) and a small amount of 
m a t e r i a l w i t h Rf 0 . 6 2 , p o s s i b l y the r e q u i r e d amide : 
5H-indeno 1 ,2-b p y r i d i n - 5 N - t e r t b u t y l c a r b o x a m i d e ( 2 1 1 ) o r 
it»s dimer (212) .Scheme 1 3 7 . 
(212) 
Scheme 137 
I n order t o maximise the y i e l d of the product ( Z l l ) , 
p h o t o l y s i s was continued f o r a f u r t h e r 24 hours, samples 
being taken every 5 hours and examined by T L C 
A l l the samples contained tv/o components (Rf 0 . 3 7 end 0 . 6 2 ) , 
apart from the l a s t sample which contained f o u r components. 
The r e a c t i o n was t h e r e f o r e stopped a f t e r 49 hours t o prevent 
more products from being formed. 
The l a s t sample contained f o u r components w i t h Rf values 
of 0 . 1 5 , 0 . 3 7 , 0 . 5 1 and 0 . 6 3 . When the diazoketone ( f S b ) was 
d i s s o l v e d i n toluene, t o provide e sample f o r T L C a n a l y s i s , 
only one component wr.s i n i t i a l l y observed (Rf 0 . 3 7 ) , but on . 
l e a v i n g the s o l u t i o n f o r sever a l hours i n d a y l i g h t , two 
components were observed (Rf 0 . 3 7 and 0 . 5 1 ) . 
These tv;o components were a l s o observed on the p h o t o l y s i s of 
the diazoketone (J^fc) as evidenced by T.L C 
The two other components found i n the l a s t sample had Rf 
values of O .63 and 0 . 1 5 . These were separated by p r e p a r a t i v e 
X L C and e x t r a c t e d i n t o c h loroform. 
I n f r a r e d examination of these compounds showed t h a t no 
carbonyl s t r e t c h i n g frequencies were present. I f the amide 
( i l l ) were present a carbonyl s t r e t c h i n g freouency would be 
exDected at ca. I 6 5 O cm' 1 
iv^ass spectra/ examination also i n d i c a t e d t h a t the desired 
product was not present, as fragments expected from the amide 
v/ere not observed. Such fragments would be : 
Mix 153 mix » i t 
1 1 5 
A s o l i d which was scraped from the p h o t o l y s i s tube, a f t e r i t 
had been removed from the r e a c t i o n s o l u t i o n , was found t o 
be the s t a r t i n g diazoketone ( I S ( & ) . ; 
The p h o t o l y s i s of ( i%(o) i n the presence of t e r t b u t y l a m i n e 
was repeated at a temperature of 40^C and f o r a longer p e r i o d 
v72 hours) t o see i f t h i s would e f f e c t rearrangement. 
A leek i n the apparatus, however, l e d to the i n t r o d u c t i o n of 
water. I n s t e a d of the amide ( i M ) being formed, i t may be 
po s s i b l e t h a t the a c i d 5H-indeno 1,2-b pyriGin-5-cnrbox5''lic a c i d 
(XI3 ) was formed .Scheme 138 . 
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The two l a y e r s t h a t r e s u l t e d from che i n t r o G U c t i o n 01 water 
were collected.The aqueous l a y e r was found t o c o n t a i n only 
one compunent w h i c h had a Rf of 0.08. Examination by i n f r a 
red and mass spectr a . , i n d i c a t e d t h a t n e i t h e r the amide nor 
the c a r b o x y l i c a c i d were present. 
The toluene l a y e r contained three components w i t h Rf values 
of 0 . 6 2 ; 0 . 4 6 and O . 3 6 , the l a t t e r being s t a r t i n g m a t e r i a l . 
The component w i t h a Rf of 0 . 6 2 was shown not to c o n t a i n any 
of the de s i r e d product, as evidenced by i n f r a r e d and mass 
spectra. The i n f r a r e d spectra contained no 0C=O s t r e t c h i n g 
frequencies and the mass spectrum showed no fragments 
i n d i c a t i v e of an i n d e n o p y r i d i n e s t r u c t u r e . 
The o t h e r component (Rf 0.46) had mass fragments at m/z 154 
and m/z 183 (Appendix l - ^ o ) but the d e s i r e d products 
( x n , 2-13 ) were not observed. This was confirmed by i n f r a r e d 
spectroscopy which showed t h a t no amide or c a r b o x y l i c ^  C = 0 
s t r e t c h i n g frequencies were pre s e n t . 
I t appears t h a t although the W o l f f rearrangement proceeded 
e a s i l y v/ith 9-diazo - 10-phenanthrone (1*^) i n t o l u e n e , 
rearrangement w i t h b e n z C h l q u i n o l i n - 5 , 6 - d i a z o k e t o n e ) 
was unsuccessful. 
An attempt was t h e r e f o r e made t o repeat the p h o t o l y s i s 
experiment :of Smith^"', u s i n g methanol and t e t r a h y d r o f u r a n 
as s o l v e n t s , t o produce methyl 5H-indeno 1,2-b p y r i d i n - 5 -
c a r b o x y l a t e (187), Scheme 139 
(VUOH THf 
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Two experiments were performed. I n the f i r s t experiment, 
the s o l u t i o n was i r r a d i a t e d f o r 3 4 hours u s i n g e LP lamp. 
Examination of the cooled r e a c t i o n mixture by T L C 
i n d i c a t e d t h a t three products v/ere present (Rf 0.66 ; 0.55 ; 
0.42 ) . 
i n 
The second experiment i n v o l v e d , i n i t i a l l y , i r r a d i a t i n g the 
s o l u t i o n f o r 8 hours v:ith a LP lamp.The s o l u t i o n was then 
i r r a d i a t e d f u r t h e r u s i n g a High Pressure (HP) lamp (125V0 f o r 
24 hours. T.L.C. examination showed t h a t t h ree products were 
present w i t h Kfs 0.66 ; 0.'42 and 0.26 . 
The d i f f e r e n t components i n each experiment were i s o l a t e d by 
p r e p a r a t i v e T L C and those w i t h the same Rf values were 
combined. 
l''rom mass spectral examination, the components w i t h Rf values 
0.66 ; 0.55 and 0.42 a l l contained fragments at m/z 181 and 
m/z 153 which are i n d i c a t i v e of en i n d e n o p y r i d i n e . 
The component w i t h Rf 0.55 also contained a fragment at 
m/z 241 , which i s the mass of the p o s s i b l e product (2.14.), 
whose s t r u c t u r e i s suggested below. (Appendijx I • 2.1 ). 
HO' 'COiCH^ 
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The component w i t h Rf 0.42 contained a fragment at m/z 448. 
This could be the dimer t h a t Smith"'"' produced when he 
performed t h i s experiment, b i s - 5 , 5 ' ( m e t h y l - 5 H - i n d e n o -
1,2-b p y r i d i n - 5 - c a r b o x y l a t e ) , ( IRi^ ) , I n f r a r e d 
examination i n d i c a t e d the presence of the dimer (0 C=0 
1730 cm"'') 448 -appendix / - i i ) 
Attempts t o i s o l a t e the separate components by f l a s h 
chromatography of the r e a c t i o n s o l u t i o n , u s i n g a mobile 
phase of petroleum e t h e r ( 4 O - 6 O ) and e t h y l a c e t a t e , proved 
unsuccessful. 
l i s 
The above experiment was repeated a t temperatures of 0*^ C and 
40^C, to see i f temperature had any e f f e c t on the 
rearrangement. 
At O^ C, three components were observed by TLC examination. 
The components had Rf values of 0.55 ,0.42 and 0.26. A l l 
t h r e e were found t o c o n t a i n mass fragments i n d i c a t i v e of 
an i n d e n o p y r i d i n e s t r u c t u r e v/hen examined by mass s p e c t r a . 
A l l the components contained a mass fragment as m/z 225 
(appendix 1. Zl ^  |.Zi,1 ) , which might have the s t r u c t u r e 
i n d i c a t e d below,(187). 
(187) 
The component w i t h Hf 0.42 also contained a m/z 448 
(appendix 1. ),which might be the dimer ( 1 9 4 ) . 
Attempts t o i s o l a t e the above components by f l a s h 
chromatography were unsuccessful. 
At 40°C,photolysis produced 3 products,which were,however 
d i f f e r e n t from those products formed by p h o t o l y s i s at 0°C, 
as observed by t h e i r nf values of 0.77,0.57 and 0.18. 
The l a t t e r product (0.18;did not c o n t a i n any mass fragments 
i n d i c a t i v e of an indenopyridineo 
The ot h e r two products produced on p h o i o l y s i s (Rf 0.57 and 
0.77) contained mass fragments i n d i c a t i v e of an 
in d e n o p y r i d i n e ves evidenced by mass s p e c t r a ) , b o t h f r a c t i o n s 
a l so having m/z at 225 which might,again, have the above 
s t r u c t u r e (187) .Appendix I . 2 4 and 1 . Z 5 r e s p e c t i v e l y . 
F u r t h e r attempts t o p u r i f y t h i s compound, assumed to be the 
desired product (187 ) by f l a s h chromatography proved f r u i t l e s s 
As p h o t o l y s i s of the diazoketone ( i n methanol and 
t e t r a h y d r o f u r e n produced a small amount of product ( both 
monomer and dimer , l & l and I'^if r e s p e c t i v e l y ) which could 
not be p u r i f i e d t o give a n a l y t i c a l samples, attempts t o 
photolyse the diazoketone ((€fe>) u s i n g the i n i t i a l s o l v e n t of 
toluene, w i t h t e r t b u t y l a m i n e as the t e r t i a r y amine, were 
made. This time , however, a HP lamp was used(the HP lamp 
has a much more in t e n s e arc and i r r a d i a t e s '.predominantly 
at 365 -366 nm , w i t h smaller amounts i n the UV and v i s i b l e 
range) . 
A f t e r 4 hours, i r r a d i a t i o n was stopped and examination of 
the r e a c t i o n s o l u t i o n showed t h a t apart from the s t a r t i n g 
m a t e r i a l ((84?) , only one o t h e r component was present. 
I n f r a r e d examination shov/ed t h a t no carbonyl absorptions 
were present,the conclusion t h a t t h i s compound was not the 
des i r e d amide , wc.s confirmed by mass s p e c t r a l examination. 
A l l the experiments conducted so f a r produced o n l y a small 
amount of the de s i r e d p r o d u c t , i f any at e l l . 
The other * products' present at the end of the p h o t o l y s i s 
must, presumably, have been produced by the breakdown of 
the diazoketone ( l ^ i o ) , or by a l t e r n a t i v e r e a c t i o n s 
o c c u r r i n g a t the ketene stage.Such r e a c t i o n s might i n c l u d e 
a 1,2-H s h i f t at the ketene stage t o produce an 
unsaturated ketone, or an i n s e r t i o n r e a c t i o n - . 
i t i s p o s s i b l e t h a t o x i d a t i o n of the i n t e r m e d i a t e carbenones 
might have occurred, where o n l y the dione { ^ 9 ) v/as 
i s o l a t e d a f t e r i l l u m i n a t i o n •.Scheme140 • 
0 
Scheme HO 
The l a t t e r seems improbable as the dione produces 
c h a r a c t e r i s t i c mass ion,M"*'* 2 0 9 . T h i s i o n , does not appear 
on any of the mass spectra o b t a i n e d f o r the components 
t h a t are produced on p h o t o l y s i s . 
T h is was confirmed e x p e r i m e n t a l l y . I r r a d i a t i o n of the 
dione ( 3 9 ) , i n methanol and t e t r a h y d r o f u r a n , w i t h a HP 
lamp r e s u l t e d i n only the s t a r t i n g m a t e r i a l being recovered. 
I t must be concluded t h e r e f o r e , t h a t the dione ( S 9 ) i s 
u n a f f e c t e d by UV r a d i a t i o n . 
I t i s probable t h a t the components obtained a f t e r p h o t o l y s i s , 
are a r e s u l t of the breakdown of the diazoketone ( as 
expected)Thi3 was confirmed by the c h a r a c t e r i s t i c mass 
fragment of m/z 193 being observed i n most of the mass 
spectra obtained f o r s a i d components. 
Summery. 
I t hes been confirmed e x p e r i m e n t a l l y ,thGt 9-diszo-10-
phenanthrone K\^5) does rearrange t o give the amide 
9H-fluorene-9-N-tertbutylcarboxamide U^'^) i n good y i e l d . 
Although i r r a d i a t i o n of the diazoketone \iS(o ) under the seme 
c o n d i t i o n s as above was unsuccessful, rearrangement i n 
the m e t h a n o l / t e t r a h y d r o f u r e n solvent system looked promising. 
Llass s p e c t r a l examination of the components obtained a f t e r 
p h o t o l y s i s i n d i c a t e d t h a t both the monomer and the dimer (jfil 
end iStf r e s p e c t i v e l y ) were present .Attempts t o i s o l a t e these 
compounds ( I S T ) and ( 1^4-) by f l a s h chromatography , hov.-ever, 
were unsuccessful. 
I t might be u s e f u l t o t r y adding e t e r t i e r y amine t o the 
methanol/tetrehydrofuren system t o see i f rearrangement 
98 
can be encouraged.uilds and Header have s t a t e d t h a t a 
t e r t i a r y amine i s not e s s e n t i a l f o r the V.-olff rearrangement t o 
occur; but i t does help t o increase the y i e l d of the product. 
iienzChiGuinolin-5,6-die2.oketone 08t> ) may not rearrange 
because of e l e c t r o n i c deactivation.The e l e c t r o n i c s t r u c t u r e 
of the n i t r o g e n analogu.e may d e a c t i v a t e the molecule,thus 
p r e v e n t i n g i t from r e a r r a n g i n g . 
C l e a r l y f u r t h e r experimental work i s necessary. 
U n f o r t u n a t e l y c o n s t r a i n t s of time prevented f u r t h e r stu(^^ 
of these r e a c t i o n s . 
122. 
Chapter 10. Indenopyridines from 3-niethyl-2-phenylpyridine 
During the course of the previous work (Chapter 8 and 9 ) 
DuPriest et a l end Alves et a l both p u b l i s h e d n o v e l , 
r e l a t i v e l y low cost syntheses of i n d e n o p y r i d i n e s . 
As the attempted methods of f o r m a t i o n of i'ndenopyridines, 
v i a enamides end the W o l f f rearrangement of benzCh]-
quinolin-5,6-diazoketone (186),v/ere p r o v i n g unsuccessful, 
the method of DuPriest e t a l v/as chosen i n an attempt t o 
produce a v a r i e t y of i n d e n o p y r i d i n e s v/hose chemistry 
could be studiedo 
This r o u t e appeared even more a t t r a c t i v e since Key Organics 
(Camelford,Cornwall) were able t o p r o v i d e a supply of the 
s t a r t i n g m a t e r i a l , 3-methyl-2-phenylpyridine ( 7 9 ; . 
Using DuPriest's method, potassium permanganate o x i d a t i o n 
of ( 7 9 ) produced the d e s i r e d s u b s t i t u t e d 3 - n i c o t i n l c a c i d : 
2-phenyl-3pyridine c a r b o x y l i c a c i d (158).Scheme 1 4 1 . 
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The method used i n v o l v e d continuous e x t r a c t i o n w i t h 
dichloromethane.Removal of the s o l v e n t a f f o r d e d the a c i d 
(158) i n good y i e l d {81%). 
I 3L3 
The c y c l i s a t i o n o f 2 - p h e n y l - 3 - p y r i d i n e c a r b o x y l i c a c i d ( 1 5 8 ) 
i n hot polyphosphoric a c i d a t 210 -15^0 occurred smoothly t o 
a f f o r d 5H-indeno 1,2 - b ] p y r i d i n e - 5 - o n e ( 8 ) i n e x c e l l e n t y i e l d 
(97%),Scheme 142. 
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The r e a c t i o n had t o be c a r e f u l l y c o n t r o l l e d . I f the 
temperature was not maintained between 210-15*^C, the y i e l d 
dropped t o between 50 end 70% • Compound ( 8 ) was 
synthesiz_ed i n bulk and used f o r a l l subsequent s t u d i e s . 
Novel and known compounds were synthesized and t h e i r 
s pectroscopic and chemical p r o p e r t i e s examined, thus 
i n c r e a s i n g the knowledge of t h i s f a i r l y uncommon c l a s s of 
compound. 
Reactions of the oxo group of 51i-indeno[l,2-b| p y r i d i n e - 5 - o n e ( 8 ) 
Reduction of 5J i-indeno 1 , 2-bJpyridine-5"one ( 8 ) 
The known compound 5 - h y d r o x y - 5 H - i n d e n o 1 ,2-b p y r i d i n e 
( 2 1 5 ) was obtained i n 83?5 y i e l d by r e d u c t i o n of the oxo 
pre c u r s o r ( 8 ) w i t h sodium borohydride'^'^.Scheme 143« 
Scheme 143 
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Attempts were then made t o reduce the oxo compound (8) 
to the methylene analogue (4)»using the conventional 
method, the Wolff-Kishner r e d u c t i o n . 
ralochowski and Szulc^^ha.ve r e p o r t e d the above r e d u c t i o n 
u s i n g w o l f f - K i s h n e r c o n d i t i o n s , the i n t e r m e d i a t e being a 
hydrazone (55,R=H).Scheme 144. 
Scheme 144 
The hycrazone (55jR=H) was obtained i n good y i e l d herein, 
k7Q%). The r e d u c t i o n method,however, i n v o l v e d h e a t i n g the 
hydrazone i n an autoclave f o r 18 hours. Since an autoclave 
was not a v a i l a b l e i n the present study, t h i s r e a c t i o n method 
could not be taken t o completion. 
Attempts were then made t o reduce the oxo compound C8) 
us i n g the Huahg-Minlon m o d i f i c a t i o n of the Wolff - K i s h n e r 
r e d u c t i o n . I n t h i s method the hydrazone i s formed by 
r e f l u x i n g the carbonyl compound w i t h hydrazine hydrate and 
potassium hydroxide i n t r i e t h y l e n e g l y c o l . A f t e r completion 
of f o r m a t i o n of the hydrazone, the condenser i s removed 
and the water l i b e r a t e d i n t h i s f i r s t r e a c t i o n i s d i s t i l l e d . 
25 
The temperature i s allowed t o r i s e t o approximately 200°C, 
so b r i n g i n g about decomposition of the hydrazone.Scheme 145 
+ 
Scheme 145 
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F o l l o w i n g the Huang-Minion m o d i f i c a t i o n , 5 H - i n d e n oM , 2 - b J -
p y r i d i n - 5 - o n e C8) was r e f l u x e d w i t h hydrazine hydrate and 
potassium hydroxide i n t r i e t h y l e n e g l y c o l f o r 45 minutes. 
Removal o f the water and r e f l u x i n g f o r a f u r t h e r 3 hours 
a f f o r d e d a black c o l o u r e d s o l u t i o n which was e x t r a c t e d 
w i t h d i e t h y l ether.Removal o f the e t h e r a f f o r d e d a small 
amount o f fawn s o l i d , a n d r e c r y s t a l l i s a t i o n from t o l u e n e / 
methanol a f f o r d e d the alcohol(RS ) 5-hydroxy - 5 H-iiideno 1 , 2 - b j 
p y r i d i n e (Z l5 ) i n 2 0 ^ y i e l d , i n s t e a d of the expected 
hydrocarbon ( 4 ) . 
An a l t e r n a t i v e method of r e d u c t i o n was next attempted, based 
on a method described by Maurer et. a l which i n v o l v e s 
s e l e c t i v e r e d u c t i o n of the carbonyl groups of a r y l c a r b o n y l 
compounds u s i n g t r i e t h y l s i l a n e (TES) i n t r i f l u o r o a c e t i c 
a c i d . Scheme I 4 6 . 
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I n general, two e q u i v a l e n t s of s i l a n e are r e o u i r e d f o r the 
r e d u c t i o n of one e q u i v a l e n t of carbonyl compound to the 
methylene product. Side r e a c t i o n s produce the s i l a n e products 
t r i e t h y l s i l y l t r i f l u o r o a c e t a t e and h e x a e t h y l d i s i l o x a n e . 
Scheme 1 4 7 . 
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The ketone (8) was di s s o l v e d i n t r i f l u o r o a c e t i c acid and s 
l i t t l e t e t r a c h l o r o m e t h a n e . T r i e t h y l s i l a n e was added over 15 
minutes and the s o l u t i o n was s t i r r e d f o r 24 hours at 45'^C. 
A f t e r work-up of the r e a c t i o n s o l u t i o n and e x t r a c t i o n of the 
product i n t o d i e t h y l ether, removal of the s o l v e n t a f f o r d e d 
the s t a r t i n g ketone w i t h 3^ recovered. 
R e p e t i t i o n of t h i s experiment l e d t o 78^^ recovery of the 
s t a r t i n g ketone ( 8 ) . 
As r e d u c t i o n of the indenopyridone (8) d i d not occur 
u s i n g t r i e t h y l s i l a n e (TES), attempts were made t o f i n d the 
optimum c o n d i t i o n s f o r r e d u c t i o n u s i n g fluorenone (216) as 
a model 6 
1X7 
Pluorenone ( 2 / 6 ) , when t r e a t e d w i t h t r i e t h y l s i l a n e as 
described above, a f f o r d e d an unexpected dimer 9 , 9 ' -
b i f l u o r e n y l ( 2 / 7 ) i n 77/^ ? y i e l d , confirmed by m.p. 
The previous mechanism vScheme 1 4 5 , pegeizfo; i s an i o n i c 
one and does not describe how the dimer ( 2 / 7 ) might a r i s e . 
Dimers normally a r i s e from the recombination of r a d i c a l s , 
as i n d i c a t e d below f o r fluorene.Scheme 1 4 8 . 
Scheme 148 (217) 
Under the above r e a c t i o n c o n d i t i o n s (TES r e d u c t i o n ) , the 
f l u o r e n e r a d i c a l maybe more s t a b l e than the i n d e n o p y r i d i n e 
r a d i c a l . Therefore w i t h fluorenone (2/(5) the r a d i c a l s 
combine to give the dimer (217;; whereas w i t h 5H-indeno-
^ , 2 - b J p y r i d i n - 5 - o n e ( 8 j , the r a d i c a l i s not formed, or i f 
formed does not r e a c t and only the s t a r t i n g m a t e r i a l i s 
recovered. 
AS the conventional methods of r e d u c t i o n of the oxo 
compound ( 8 ) were unsuccessful, a l t e r n a t i v e methods t o the 
methylene compound were t r i e d . 
Reduction u s i n g red phosphorus and h y d r i o d i c a c i d , as used 
by C h a t t e r j e a and Prasad was next attempted. 
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The 0X0 compound (8) and red phosphorus were r e f l u x e d 
t o g e t h e r i n h y d r i o d i c a c i d f o r 7 hours. On c o o l i n g , w h i t e 
needles of the hydroiodide of 5H-indeno 1,2-b p y r i d i n e 
separated out. Treatment of the hydroiodide w i t h sodium 
hydroxide a f f o r d e d the f r e e base U ) i n 78^. y i e l d . 
The 0X0 compound (8) v/es then reduced u s i n g the 
unconventional method of DuPriest et a l . This method 
maybe considered unconventional i n t h a t the method used i s 
e s s e n t i a l l y a Huang-iiiinlon m o d i f i c a t i o n of the V/olff-Kishner 
reduction,except t h a t no potassium hydroxide was used. 
The 0X0 compound (8) was heated t o 180°C w i t h hydrazine 
hydrate and d i e t h y l e n e g l y c o l f o r f o u r hours. 
A f t e r c o o l i n g , t h e mixture was poured i n t o w a t e r / b r i n e and 
e x t r a c t e d w i t h e t h y l a c e t a t e . The r e a c t i o n method worked 
extremely w e l l and removal of the s o l v e n t a f f o r d e d pure 
5H-indenojl,2-b p y r i d i n e (4) i n 89% y i e l d . 
Of the r e d u c t i o n methods i n v e s t i g a t e d , t h a t of DuPriest et 
a l ^ gave s u p e r i o r r e s u l t s and v/as t h e r e f o r e used f o r 
f u r t h e r p r e p a r a t i o n of 5H-indeno [ l , 2 - b p y r i d i n e ( 4 ) . 
Reaction w i t h Grignard reagents. 
The a d d i t i o n of Grignard reagents t o ketones a f f o r d 
t e r t i a r y a l c o h o l s . A l l the normal p r e c a u t i o n s associated 
w i t h the Grignard r e a c t i o n v/ere taken. 
The Grignerd r e a c t i o n between propylmagnesium bromide 
end the ketone ( 8 ) should produce 5-hydroxy-5-propyl-
indeno ^ 1 , 2 - b j p y r i d i n e ^ 2 l g ) according t o the f o l l o w i n g 
r e a c t i o n scheme.Scheme 1 4 9 . 
4- ^PrfY^^br 
«0 (CH:lVzCH3 
(218) 
Scheme 149 
Attempts t o produce (218) howev e r , f a i l e d d e s p i t e several 
attempts. 
A f t e r each experiment, between 50 and 70% of the s t a r t i n g 
ketone ( 8 ) . was recovered. 
I n en attempt t o determine the reasons f o r the f a i l u r e , t h e 
above experiment was repeated u s i n g ^2 I t ) i n place of 
5H-indeno j j ,2-b|pyridin - 5-one ( 8 ) .The expected product, 
w i t h propylmagnesiu:n bromide, being 9 - h y d r o x y - 9 - p r o p y l -
f l u o r e n e (219, R^iCR^)^CE^ ).Scheme 1 5 0 . 
^ HO' a 
( 8 ) ( 2 i q ) 
Scheme 150 
The reaction,however, a f f o r d e d a y e l l o w s o l i d . T L C 
examination of the s o l i d i n d i c a t e d two spots,very 
close t o g e t h e r , Rf 0.32 and 0 . 2 9 ( f l u o r e n o n e ) . 
130 
I n f r a r e d examination of the s o l i d i n d i c a t e d the presence 
of an a l c o h o l , as w e l l as the s t a r t i n g m a t e r i a l . 
Mass sp e c t r a l examination of the s o l i d i n d i c a t e d the presence 
of the d e s i r e d a l c o h o l {2^ <l,R={C}\^) ^ CH^ ) , (m/z 224 , 
appendix 1. 32. ) , 
Kepeated attempts t o o b t a i n the pure a l c o h o l by f l a s h 
chromatography ( e l u e n t 60% petroleum s p i r i t (bp 40-6cf)/ 
40% e t h a n o l ) however, f a i l e d . 
I t appeared t h a t the Grignard r e a c t i o n was o c c u r r i n g , 
but not t o completion. The above experiment v/as repeated 
but the s o l u t i o n v;as r e f l u x e d f o r 21 hours i n s t e a d o f 4 
hours. T-L C. examination of the crude product i n d i c a t e d 
f i v e components i n c l u d i n g the s t a r t i n g m a t e r i a l • 
Repeated f l a s h chromatography (80*^^ petroleum s p i r i t (bp 
40 -60* ) /20% d i e t h y l e t h e r ) gave a small amount of the 
de s i r e d a l c o h o l i2^<^ ^ R^iOE^) 2^^^) * w i t h 60% of the 
s t a r t i n g ketone (2-lb) being recovered.Mass spectrum 
(appendix 1. 32. ) 
When bromobutane was used t o form the Grignard reagent, 
the r e s u l t i n g organomagnesium compound was reacted w i t h 
fluorenone ( 2 | 6 ) , a small amount of the de s i r e d a l c o h o l , 
9 - b u t y l - 9 - h y d r o x y f l u o r e n e (2 iq,R=(CH2)^CH^) was o b t a i n e d 
( 2 % ) , Appendix 1 . 2 ) Z .Scheme 1 5 0 . 
The Grignard r e a c t i o n between butylmagnesium bromide 
and 5H-indeno { j , 2 - b p y r i d i n - 5 - o n e (8) a f f o r d e d a s t i c k y 
orange s o l i d . Flash chromatography ( e l u t i o n w i t h 35% 
petroleum s p i r i t (bp 40 - 6 0 ) / 4 5 ^ ^ e t h y l acetate ) gave a 
sample c o n t a i n i n g both the d e s i r e d a l c o h o l {2io) and some 
s t a r t i n g m a t e r i a l , as i n d i c a t e d by i n f r a r e d examination 
(,0C=0 1715 cm"\ OOH 3 3 0 6 cm'bo scheme 1 5 1 . 
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HO' (CHOiCH^ 
(^^ ) 
Scheme 151 
K e c r y s t a l l i s a t i o n from e t h a n o l gave the s t a r t i n g m a t e r i a l 
(200mg).Rotor-evaporation of the f i l t r a t e gave a s o l i d 
(70mg) c o n t a i n i n g the a l c o h o l ( 2 ^ J , contaminated w i t h 
s t a r t i n g m a t e r i a l ( 8 ) , as i n d i c a t e d by the mass spectrum 
(appendix 1.33 ) . 
Attempts were made t o separate the a l c o h o l i c product from 
the k e t o n i c s t a r t i n g m a t e r i a l u s i n g Girards-T reagent. 
Girards-T reagent (carbohydrazidomethyleLmmpnium c h l o r i d e 
or t r i m e t h y l a m i n o a c e t o h y d r a z i d e c h l o r i d e ) (22-1) may be 
used t o separate a l c o h o l s from ketones. 
CI Me^N . CH2 . COWH . NH, (2^1) 
A t r i a l r u n w i t h fluprenone (2ih) and 9-hydroxyfluorene 
proved s u c c e s s f u l , the a l c o h o l b eing o b t a i n e d i n 30% 
y i e l d . 
With 5H-indeno 1 , 2 - b j p y r i d i n - 5 - o n e {&) and 5-butyl-5-hydroxy 
indeno 1,2-b p y r i d i n e (22o) hov/ever, the a l c o h o l (22C) 
was s t i l l contaminated w i t h the ketone (8; and complete 
s e p a r a t i o n was not accomplished. 
I t may be p o s s i b l e t h a t the Grignard r e a c t i o n between 
fluorenone (209) and propylmagnesium bromide and b u t y l -
magnesium bromide does not occur r e a d i l y because the 
a l k y l h a l i d e s are i n s u f f i c i e n t l y r e a c t i v e i n t h i s case. 
This may also be the case w i t h the ketone (8).Here, the 
Grignard reagent i s formed, as evidenced by the f o r m a t i o n 
of a cloudy p r e c i p i t a t e and the eventual disappearance of 
the magnesium t u r n i n g s , but the d e s i r e d a l c o h o l s (218 , 
2 i o ) are not obtained i n appreciable y i e l d s . 
xn the case of {B) i t may be p o s s i b l e t h a t a s i d e - r e a c t i o n 
was o c c u r r i n g between (8) and the u r i g n e r d reagent l e a d i n g 
t o e l k y l a t i o n of the ketone (8) as opposed t o the expected 
a l c o h o l f o r m a t i o n . 
The a l k y l a t i o n of p y r i d i n e s by a d d i t i o n of the Grignard 
reagent across the azomethine l i n k a g e has been r e p o r t e d 
-Scheme 152. 
4- CtMsCHzOrtjU 
Scheme 152 
/0-7 
Bergmann and Rosenthal have r e p o r t e d t h a t p y r i d i n e end 
dibenzylmagnesium gave 2 - b e n z y l p y r i d i n e , w h i l e Veer and 
tog 
Goldschmidt found t h a t p y r i d i n e and benzylmagnesium c h l o r i d e 
gave 4 - b e n z y l p y r i d i n e . Scheme 1 5 3 . 
1^3 
CtHsCHirv^Ci l 
Scheme 153 
I t may t h e r e f o r e be p o s s i b l e t h a t the ketone ( 8 ) i s being 
a l k y l a t e d , by a d d i t i o n of the Grignard reagent across the 
azomethine l i n k a g e g i v i n g the 2 - or the 4-isomer.Scheme 154 
Scheme 154 
However, on no occasion were the a l k y l a t e d products 
i n d i c a t e d i n scheme 1 5 4 , observed by mass spectrometry 
or i n f r a r e d spectroscopy. 
Bromobenzene i s kno.wn t o be a r e a c t i v e a l k y l - h a l i d e . Grignerd 
r e a c t i o n between phenylmagnesium bromide and both 
5H-indeno [ l , 2-b] p y r i d i n - 5 - o n e ( 8 ) and fluorenene (2 l(o) 
proved s u c c e s s f u l . Scheme 1 5 5 . 
X=N (8) 
X=C (216; 
HO X t H s 
X=N (2 22.) 
X=C (223) 
Scheme 155 
S t a r t i n g from ( 8 ; , 5-hydroxy - 5-phenylindeno 1 , 2 - b j -
p y r i d i n e k22X) was obtained i n 53"^ ^ y i e l d , (Appendix 1.35 ) . 
V;hen d i e t h y l ether was used as so l v e n t end r e a c t i o n 
proceeded f o r f o u r hours, the a l c o h o l (222-j was obtained 
i n 3555 y i e l d . When r e f l u x i n g was increased to 10 hours, 
the y i e l d of the a l c o h o l ( 2 ^ ) wr^ s increased t o 53^^. 
Use of T H P es an a l t e r n a t i v e s o l v e n t a f f o r d e d the 
a l c o h o l (2ZX> i n 5 0 ^ - ' y i e l d . 
I n a l l cases the a l c o h o l (22i) v/es obtained by F l a s h 
chromatography, u s i n g 50^' petroleum s p i r i t (bp 4 0 - 6 0 ) / 
50'^. e t h y l acetate as e l u e n t . 
i-'rom fluorenone (2|fc), 9-hydroxy - 9-phenylfluorene (2*2.3) 
was obtained i n 15^^ y i e l d when d i e t h y l ether was used as 
s o l v e n t . 
Changing the solvent to T H P increased the y i e l d t o 5 7 ^ . 
I 3 > 5 
Oxime f o r m a t i o n 
ICR F o l l o w i n g a general textbook method ,the oxime of 
5H-indeno 1,2-b] p y r i d i n - 5 - o n e ( 8 ) , ( x i i f ) was obtained i n 
good y i e l d (63?S) .Scheme 1 5 6 . 
The r e a c t i o n proceeds by the a d d i t i o n of the n i t r o g e n 
n u c l e o p h i l e , f o l l o w e d by the e l i m i n a t i o n of water. I n 
general the r e a c t i o n proceeds as i n d i c a t e d i n Scheme 1 5 6 . 
( 8 ) 
oft As^lUfcU ( 2 a S j 
R-C-yHsUa. (2Zb) 
Scheme 1 56 
Key Organics ^Camelford) provided two s u b s t i t u t e d hydroxyl-
amines which were used f o l l o w i n g the general method t o 
a f f o r d the two s u b s t i t u t e d oximes - 5H-indeno 1 ,2-b|-
pyriGin - 5-one 4-chlorobenzyloxime ( 2 ^ ; and 5 j i-indeno-
^ , 2 - b p y r i d i n - 5 - o n e 2 , 4 - d i c h l o r o b e n z y l o x i m e ( 2 1 ^ ) i n 
good y i e l d s , (>B% and 9 1 ^ r e s p e c t i v e l y . . 
The stereoche<nistry of the oxime i s not knovm, but can be 
found by a n a l y s i s of the amide formed on the Beckmann 
rearrangement of the oxime. 
1 2)L 
Under a c i d i c c o n d i t i o n s , oximes undergo rearrangement to 
give s u b s t i t u t e d amides thus: 
— NH — 
® 
The r e a c t i o n i n v o l v e s migration of an a l k y l group to the 
e l e c t r o n d e f i c i e n t c e n t e r . I t i s the a l k y l group t r a n s - t o 
the hydroxyl group of the oxime which m i g r a t e s . The 
p o s s i b l e products from 5 H-indeno | j , 2 - b J p y r i d i n e - 5 - o n e 
oxime (2ZifJ by the Beckmann rearrangement v/ould be as 
shown i n Scheme 157. 
Scheme 157 
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I n order to optimise the r e a c t i o n c o n d i t i o n s f o r the 
Beckmenn reerrangement, the model compound 9-fluorenone 
(•2-/(3; was used. 
9-Pluorenone oxime (2Z7) v/as prepared i n good y i e l d 
(84f!") .Scheme 158. 
Scheme 158 
The Beckmann rearrangement was c a r r i e d out a c c o r d i n g to 
the method of Vogel'*^^ 
The oxime (22*7) was heated, w i t h s t i r r i n g , a t 175°C i n 
polyphosphoric a c i d f o r 15 minutes. The r e a c t i o n mixture 
was cooled and s t i r r e d i n t o c o l d water.The s o l i d t h a t 
s e p arated out was i d e n t i f i e d as the knovm compound , 
6-phenanthridone ( 2 2 S ) , u s i n g mass spectrometry, i n f r a r e d 
spectroscopy and m e l t i n g p o i n t . Scheme 159. 
(227) 
(22S) 
Scheme 159 
Attempts to rearrange 5 H - i n d e n o ^ , 2 - b j p y r i d i n e - 5 - o n e oxime 
KZ2J^) under s i m i l a r c o n d i t i o n s , to g i v e the d e s i r e d amide, 
proved u n s u c c e s s f u l . 
13S 
I n i t i a l l y , u s i n g the method of Vogel**^^, the oxime (224) 
was added to polyphosphoric a c i d and the mixture was heated 
on a water bath. The mixture was poured immediately onto 
crushed i c e and s t i r r e d . 
As no p r e c i p i t a t e appeared NaOH was added to pH 7 to y i e l d 
a white p r e c i p i t a t e which was c o l l e c t e d and d r i e d . 
The suspected amide was then c h a r a c t e r i s e d . T h e y i e l d was 
high as was the mel t i n g point (.too high to be determined 
by * e l e c t r o t h e r m a l * equipment). The i n f r a r e d spectrum 
i n d i c a t e d the presence of a carbonyl group at l636cm~'' 
end a N-H s t r e t c h i n g at 3200cm"''. 
The mass spectrum had a molecu l a r i o n of 196» as expected, 
the fragmentation p a t t e r n , however , did not correspond 
to the expected amide product.(appendix 1 . 41 ) 
I t was d i f f i c u l t to shov/ whether the s o l i d was homogeneous 
or not because the s o l i d product did not d i s s o l v e i n 
most known s o l v e n t s . 
A l t e r n a t i v e methods f o r the Beckmann rearrangement of the 
oxime (224) were then i n v e s t i g a t e d . 
The experiment was repeated a t higher temperatures of 
120°C and 180°C, and i n both c a s e s , approximately GOfo of 
the s t a r t i n g oxime was recove r e d . 
The attempted rearrangement was repeated a t 120*^0 f o r 
extended p e r i o d s of time (30 minutes and 1 hour.) 
Again,only s t a r t i n g oxime was recovered i n 70*^ y i e l d . 
Note.Compound (229) i s not r e f e r r e d to i n t h i s t h e s i s . 
M i s c e l l a n e o u s r e a c t i o n s . 
Reduction of the oxime (224) 
The oxime (22-if/, when t r e a t e d w i t h z i n c dust, a c e t i c 
anhydride and sodium a c e t a t e , was reduced to a f f o r d the 
acetamido compound (,23o) i n 645^ yield.Scheme l 6 0 . 
( 2 2 4 ) 
Scheme 160 
H' NHCOOH3 
(230) 
R e a c t i o n w i t h 2 , 4 - d i n i t r o p h e n j j l h y d r a z i n e . 
There are s e v e r a l d e r i v a t i v e s v/hich maybe prepared from 
ketones (they a r e u s u a l l y used as 'spot' t e s t s f o r the 
presence of carbonyl compounds, une such d e r i v a t i v e i s the 
2,4-dinitrophenylhydrazone. 
V/hen 5H-indenoQ,2-b^pyridin-5-one (8) was added to a 
s o l u t i o n of 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e i n methanol, the 
b r i g h t orange p r e c i p i t a t e of the hydrazone (2S|) s e p a r a t e d 
out.Scheme I 6 I . 
( S ) > 
Scheme I 6 I 
( 2 3 1 ) 
NO, 
llfO 
• K l e c t r o p h i l i c Aromatic s u b s t i t u t i o n s t u d i e s on 
pyridin-5-one (8; and 5H-indeno 1,2-^ 5H-indeno 1,2-b 
p y r i d i n e ( 4 K 
S e v e r a l workers have prepared n i t r o - and bromo- d e r i v a t i v e s 
of (,6) and ( 4 ) . I n a l l c a s e s reported, the s u b s t i t u e n t 
e n t e r s a t the 7 - p o s i t i o n . 
Bromination. 
AS p r e v i o u s l y r e p o r t e d (Chapter 3, page 8),f.llochowski 
and S z u l c ' ^ have prepared s e v e r a l bromo- d e r i v a t i v e s of 
5H-indeno 1,2-b pyridin-5-one ( 8 ) . 
These compounds v/ere prepared a c c o r d i n g to the l i t e r a t u r e 
method. 7-bromo-5H-indeno 1,2-b pyridin-5-one (233) was 
prepared i n 85"^^' y i e l d by the r e a c t i o n of the oxo compound 
(8) w i t h N-8romosuccinamide (NBS) i n a 1:1 r a t i o . 
V/hen 2 e q u i v a l e n t s of MBS v/ere used, the dibromo compound, 
7,9-dibromo-5H.-indeno 1,2-b pyridin-5-one (234) was 
obtained i n 48'"' y i e l d . Scheme 162. 
Scheme 162 
Attempts v/ere then made to prepare bromides of 
5H-indeno 1, 2.-bjpyridine (4 ) 
T r e a t i n g ( 4 ) w i t h NBS i n a 1:1 r a t i o d id not a f f o r d 
the expected monobromo compound ; i n s t e a d a dibromo-
compound (235) v/as obtained , as i n d i c a t e d by mass 
spectrometry (appendix 1 . 4 4 , m/z 3 2 3 ) . 
When two e q u i v a l e n t s of NBS were used, a tribromo-
compound (236) and not the expected dibromo- compound {235) 
was obtained , as evidenced by mass spectrometry (appendix 
1 . 4 5 / , m/z 401 ) . 
The r e a c t i o n of 5H-indeno 1,2-b p y r i d i n e ( 4 ) v/ith a 3.5 
exc e s s of NBS a f f o r d e d a tetrabromo- compound 1237). 
Each of t h e s e compounds (235,236 and 237) a r e new. 
(237) 
Although i t i s known t h a t the bromine atom e n t e r s 
the .C-7 w i t h 5H-indeno 1,2-b pyr i d i n - 5 - o n e ( 8 ) , i t may 
be p o s s i b l e t h a t w i t h 5H-indeno 1,2-b p y r i d i n e ( 4 ) , 
s u b s t i t u t i o n may a l s o occur at C-5 , as i n 
f l u o r e n e s u b s t i t u t i o n w i t h bromine occurs i n the 
C-9 position.Scheme I 6 3 . 
Scheme I63 
'H MivlR study of the tetrabromo- compound (237), however, 
i n d i c a t e s the presence of methylene protons at 3 . 8 ppm 
(appendix I I . lb ).^'^C MhlR a l s o i n d i c a t e s the presence 
of -CH^- at 37 ppm (appendix I I I , l 3 ) . A D E P T measurement 
of (237) i n d i c a t e s the presence of -CH^- at 37 ppm a t 
-ve i n t e n s i t y of 75.52^^ .(appendix I l l . m - ) . 
I t appears t h e r e f o r e t h a t bromination of (4 ) occurs s o l e l y 
i n the benzene r i n g , and that the s t r u c t u r e g i v e n above f o r 
(237) i s c o r r e c t . 
I t i s reasonable to assume t h e r e f o r e , t h a t compounds (235) 
and (236) have the s t r u c t u r e s i n d i c a t e d below : 
(235 ) (236) 
The dibromo- and tribromo- compounds (235 and 236 r e s p e c t i v e l y ) 
could not , however, be obtained i n a pure form, and no dat a 
could be c o l l e c t e d f o r these compounds. 
The tetrabromo- compound was obtained i n good^yield (62^0. 
N i t r a t i o n . 
f - i i t r a t i o n of the 0x0 compound (8) u s i n g the method of 
Petrov; *^ gave a n i t r o - compound (238) i n 78^> y i e l d , as 
confirmed by mass spectrometry (appendix 1 . 47 ) and ''-^C NMR 
spectroscopy (appendix I I I . 1 5 ) . Scheme I 6 4 . 
4S 
( 8 ) (238) 
^^7c 
Scheme 164 
I t i s known t h a t on n i t r a t i o n of 9H-indeno 2,1-c p y r i c i n -
9-one ( 1 2 ) , the n i t r o - group e n t e r s a t the C-7 p o s i t i o n *, 
a l s o b r o m i n a t i o n of 5H-indeno 1,2-b p y r i d i n - 5 - o n e (8) i s 
known to oc c u r i n the C-7 p o s i t i o n . The n i t r o - group i n 
(238) was t . e n t e t i v e l y a s s i g n e d to C-7 and the compound 
o b t a i n e d (238) i s thought to be 7-nitro-5H-indeno 1,2-b -
p y r i d i n - 5 - o n e . 
r j i t r a t i o n of 5H-indeno 1,2-b] p y r i d i n e ( 4 ) , a g a i n u s i n g 
the method of Petrow**" , a f f o r d e d a n i t r o - compound, 
thought to be 7-nitro-5]i-indeno 1,2-b p y r i d i n e (239) i n 
62^S y i e l d , as confirmed by mass spectrometry (appendix 1.48) 
and KMR sp e c t r o s c o p y (appendix II.1.8) .Scheme 165 . 
Scheme 165 
t2V. 
''^ C nmr (appendix. I l l . 16) , however, i n d i c a t e s the pre s e n c e 
of t h r e e compounds ( n i t r o i s o m e r s ) w i t h CK^ resonances 
appearing at 34..8 , 34-.? and 34.5 ppm.It may be p o s s i b l e 
t h a t n i t r a t i o n o c c u r s i n the C-6 and C-9 p o s i t i o n as w e l l 
as the expected C-7 p o s i t i o n to g i v e the t h r e e n i t r o -
i s omers t h a t a r e seen. 
To prove t h a t s u b s t i t u t i o n of the n i t r o - group occurs a t 
the same p o s i t i o n i n both the 5j^-indeno 1,2-b pyridin-5-one 
(8) and 5H.-indeno 1,2-b p y r i d i n e ( 4 ) , the f o l l o w i n g 
r e a c t i o n scheme was c a r r i e d out.Scheme 166. 
.r4 
238 
(239) 
Route 2 Route 1 
Scheme 166 
Route 1. The ketone (8; was reduced u s i n g the method of 
D u P r i e s t '^*' to a f f o r d 5H-indeno 1,2-b p y r i d i n e (4) i n 
8Sr5 y i e l d . t i t r a t i o n of (4) o c c u r r e d i n 62^? y i e l d g i v i n g 
^239). 
Route 2. The n i t r a t i o n of (8) occurred i n good y i e l d 
(,7855) to give (,238) .Attempts were then made to reduce the 
carbonyl f u n c t i o n of (238) to a f f o r d the n i t r o compound 
( 2 3 9 ) . 
The method of D u P r i e s t was used to attempt to reduce the 
n i t r o ketone (238).However, although a product was o b t a i n e d 
i t proved not to be the d e s i r e d n i t r o - compound ( 2 3 9 ) . 
From s p e c t r o s c o p i c evidence, i t appears t h a t both f u n c t i o n a l 
groups were reduced and t h a t an amine - assumed to be 
7-amino-5H-indeno 1,-2-b p y r i d i n e (240) was obtained i n good 
y i e l d (69?5), as confimed by mass sp e c t r o s c o p y (appendix 
1.49) and '^H NM spectroscopy (appendix 11.19 ) 
However, Clemmensen r e d u c t i o n .of the n i t r o compound ( 2 3 8 ) , 
d i d a f f o r d the d e s i r e d reduced n i t r o - compound ( 2 3 9 ) i n 
3 5 % y i e l d . T h e p h y s i c a l p r o p e r t i e s o btained f o r t h i s compound 
. ( i n f r a r e d and mass spectroscopy,TLC and m.p. ) were 
i d e n t i c a l to those obtained f o r the compound obtained by 
the d i r e c t n i t r a t i o n of the oxo compound ( 8 ) , thus 
c o n f i r m i n g t h a t n i t r a t i o n of ( 8 ) and (4) o c c u r s i n the 
same p o s i t i o n , assumed to be the C-7 p o s i t i o n . 
The n i t r o - group p r o v i d e s a u s e f u l route to a v a r i e t y of 
o t h e r d e r i v a t i v e s u s i n g s t a n d a r d s y n t h e t i c r e a c t i o n s . 
U s i n g a standard procedure f o r tie r e d u c t i o n of n i t r o 
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compounds i n Vogel ,the n i t r o compound (238) was reduced 
to the amine 7-amino-5H^-indeno 1,2-b p y r i d i n - 5 - o n e ( 2 4 1 ) -
i n 83% y i e l d , by treatment of (238) w i t h sodium s u l p h i d e 
i n a s o l u t i o n of methanol.Schemel67. 
iWcOH 
(241) 
Scheme 167 
As p r e v i o u s l y mentioned, 7-amino-5H-indeno 1,2-b p y r i d i n e 
(,240) was a l s o unexpectedly obtained , u s i n g the method of 
DuPriest^**", by r e d u c t i o n of 7 - n i t r o - 5 I i - i n d e n o 1,2-b p y r i d i n -
5-0ne (238) i n d i e t h y l e n e g l y c o l with h y d r a z i n e hydrate. 
The amine group of (241) was then d i a z o t i s e d and r e a c t e d 
with b o i l i n g water to a f f o r d the phenol (242) acco r d i n g 
to the f o l l o w i n g r e a c t i o n scheme, Scheme 1 6 8 , confirmed 
by mass (appendix 1.51) and "^H NIvIR (appendix 1 1 . 2 1 ) 
s p e c t r o s c o D y . 
o 
(241) 
Scheme l68 
Under s i m i l a r r e a c t i o n c o n d i t i o n s , d i a z o t i s a t i o n of (240) 
followed by r e f l u x i n g the diazonium s a l t w i t h b o i l i n g v/ater 
a fforded the phenol 7-hyGroxy-5H,-indeno 1,2-b p y r i d i n e 
\243}9 £ S confirmed by mass spectrometry (appendix 1.52) 
and ''h iMlJiR spectroscopy (appendix 11.22) .Scheme 169. 
ii H2,o/H2.SO»f 
(240) (243) 
Scheme 169 
1^1 
R e a c t i o n s of 7-bromo-5M-indeno 1,2-fa pyriQine-5-one (233) 
and 7-nitro-5H-indeno 1,2-b pyriQine-5-one ( 2 3 8 ) . 
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The oxime p r e p a r a t i o n and subsequent r e d u c t i o n , as 
d e s c r i b e d f o r the oxime (224 ),page 1 3 6 , was repeated f o r 
7-bromo- (.233 ) end 7-nitro-5H-indeno 1,2-b pyridine-5-one 
(238 ) . 
R e a c t i o n of ( 2 3 3 ) w i t h hydroxylamine hydrochloride 
aff o r d e d the oxime ( 244) i n 85^ '^  y i e l d ^ * ^ ^ . 
Attempts to convert the oxime (244) to the acetamido 
d e r i v a t i v e u s i n g the method of P e i t e l s o n and i'etrow",however 
failedoScheme 170 « 
\ (244) OH 
NMi.Ort.HCJL 
H VHC0CH3 
Scheme 170 
The r e a c t i o n of 7-nitro-5H-indeno^,2-b pyridin-5-one (238) 
wi t h hydroxylamine h y d r o c h l o r i d e a f f o r d e d the d e s i r e d 
oxime ( 245) i n 39% y i e l d . 
R e a c t i o n w i t h z i n c d u s t , a c e t i c anhydride and sodium a c e t a t e ^ 
a f f o r d e d an unexpected di-acetamido compound ( 246) i n 94*^ ^ 
y i e l d , as i n d i c a t e d by i n f r a r e d and mass spectrometry 
(appendix 1.57 ) . The s p e c t r a a l s o confirmed the absence 
of the n i t r o - group.Scheme 171 • 
NO 
(245) 
NHCCCH 
^ H NHC0CH3 
( 2 4 6 ) 
Scheme 171 
I t appears that the r e a c t i o n c o n d i t i o n s used a l s o reduced 
the n i t r o - group to the amino group, which was then 
a c e t y l a t e d to the acetamido group. 
-NO. -NH. •I^jHCOCH. 
T h i s was confirmed by r e a c t i n g 7 - n i t r o - 5 H - i n d e n o ^ , 2 - b -
p y r i d i n - 5 - o n e ( 238) with a c e t i c anhydride, z i n c dust and 
sodium a c e t a t e . As expected , 7-acetamido - 5 H-indeno 1,2-b -
p y r i d i n - 5 - o n e ( 247) was obtained , a l b e i t i n poor y i e l d (12f^) 
bcheme172 . 
NO,. 
zinc dUut 
Scheme 172 
5-Acetamido—7-nitro -5_H-indeno ^1, 2-bj p y r i d i n e ( 24Q was 
e v e n t u a l l y prepared by n i t r a t i o n of 5-acetamido -5 i i-indenO' 
^1,2-b p y r i d i n e ( 230)» when (248 ) v/as obtained i n good 
IS 
y i e l d (87^).Scheme 173 . 
HlSo^ .,l^ K^ 
( 2 3 0 ) 
Scheme 173 
NO 
(248) ^ 
ana 
React i o n s i n v o l v i n g the H e t e r o c y c l i c r i n g . 
N-oxide formation. 
The K-oxides of 5H-indeno 1,2-b]pyridin-5-one (8) 
5H,-indeno 1,2-b p y r i d i n e (4) were prepared u s i n g the method 
of Ochiai**** ,which i n v o l v e s h e a t i n g the a p p r o p r i a t e 
indenopyridine w i t h a c e t i c a c i d and hydrogen peroxide a t 
70°C f o r approximately 18 hours. Although the d e r i v a t i v e 
of the ketone (249 )was obtained i n good y i e l d (75%) , the 
p y r i d i n e (4) gave only a poor y i e l d (30^^)of the N-oxide 
(250 ).Scheme 174 . 
(4) (250) 
Scheme 174 
S i m i l a r l y , the N-oxides of 7-nitro - 5 H-indenoQl, 2-b p y r i d i n -
5-one (251 ) and 7 - n i t r o - 5 H - i n d e n o ^ , 2 - b J p y r i d i n e ( 2 5 2 ) were 
prepared , u s i n g the above method**^ i n 50^ and 23% y i e l d 
r e s p e c t i v e l y , s t a r t i n g from ( 2 3 8 ) and ( 2 3 9 ) r e s p e c t i v e l y . 
Scheme 1 7 5 . 
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Summary. 
From 3-methyl-2-phenylpyridine (158), the ketone 
5H-indeno 1,2-b pyridine-5-one (8) was made.Reduction 
of (8) a f f o r d e d the methylene compound- 5H-indeno 1,2-b -
p y r i d i n e ( 4 ) . 
Using (8) and (4) as s t a r t i n g m a t e r i a l s , both known and 
novel i n d e n o p y r i d i n e s v/ere made u s i n g c l a s s i c a l chemical 
r e a c t i o n s , such a s the G r i g n s r d r e a c t i o n , oxim.e p r e p a r a t i o n , 
e l e c t r o p h i l i c aromatic s u b s t i t u t i o n and n u c l e o p h i l i c 
s u b s t i t u t i o n i n the h e t e r o c y c l i c r i n g . 
Using these methods 22 novel compounds were s y n t h e s i s e d . 
A summary of the known and novel i n d e n o p y r i d i n e s 
s y n t h e s i z e d from 3 - m e t h y l - 2 - p h e n y l p y r i G i n e (158) are shown 
i n Table 3, together with t h e i r s t r u c t u r a l formula and 
r e l a t i v e molecular weighty(pages 151a-d). 
Table 4 i s a summary of the other compounds produced from 
t h i s chapter, together with t h e i r s t r u c t u r a l formula and 
r e l a t i v e molecular weighty (page 151e) 
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Table 3* Summary of the novel and knovm i n d e n o p y r i d i n e s 
s y n t h e s i z e d from 3-methyl-2-phenylpyridine. 
5H-Indeno 1,2-b] pyridin-5-one 
C^2^¥\0^ Riv-nV 181 
Known 
5-Hydroxy-5H-indeno 1,2-b p y r i d i n e 
C^2^gN0 'RWi 183 
Knovm H "OH 
5H-Indeno 1,2-b pyridine-5-one hydrazona 
0^2^^l^3 Ri:?./ 195 
Known 
5H-Indeno 1,2-b|pyridine 
C^^E^\:W Ri.RV 167 
Known 
5-Hydroxy-5 
Cl8^13^0 
-phenylindeno ^1, 2-b] p y r i d i n e 
RI-.W/ 259 
5H-indeno [j ,2-b]pyridine-5-one oxime K 
C^2^Q^^2^ ] l^i^l 196 
Knovm N-OH 
4-chlorobenzyioxime 
O^^ti^^l^^OCl Rh^! 3 2 0 
5H-Indeno f l , 2-b] p y r i d i n 
"~2,4-dichlorobensyloxi 
e-5-one 
me 
RI'/RV 3 5 4 
5-Acetamido-5U-indeno 1,2-b| p y r i d i n e 
C H ^ 1 2 ^ ^ 2 0 
5ii-Indeno [ l , 2-b p y r i d i n - 5 - o n e 
2 , 4-dinitrophenylhydrazone 
c^gH^^N^o^ m;i\7 361 
one 7 -Bromo-5H-inQeno 1,2-'bj p y r i d i n - 5 -
Known , 
7,9-Dibromo-5H-indeno 1,2-b p y r i d i n - 5 
C^2^^i^^Br2 KLr\7 337 
Known 
one 
Dibromo-5H-indeno 1,2-b p y r i d i n e 
C^^Hrjl^Br^ RKTvV 323 
H H 
me Tribromo - 5 H-indeno 1,2-b p y r i d i 
6 , 7 , 8 , 9-tetrabromo - 5 H-indeno 1,2-b]-
pyri'dine 
C-j^H^KBr^ KIvI\7 479 
6r H H 
7-I^'itro-5H-indeno 1 , 2-bJpyridin-
^12^6^'^2^3 
:?-one 
7-Kitro - 5 H-indeno 1,2-bJ p y r i d i 
^12%'^'^2^2 ^ ' '^ 
me 
0 , N 
7-Amino-5H-indeno 1,2-b p y r i d i n - 5 - o n e 
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7-Amino-5H-indeno 1,2-bjpyricd cine 
7-HyGroxy-5H-indeno 1,2-b pyridin-5-one 
C^2^rjl^20 R!;I\V 197 
7-Hydroxy-5H-indeno 1, 2-1)] p y r i d i n e 
RI^ iW 183 C-J2H9NO 
HO 
W H 
7-Bromo-5H-indeno 1,2-b p y r i d i n - 5 ' 
" Sxime •one 
N - O H 
7-Nitro - 5 H-indeno 1,2-b p y r i d i n - 5 -one 
oxime 
0^2^7^303 241 0 , N 
M-OH 
5,7-Diacetamido-5H-indeno 1,2-b p y r i d i n e 
C^^H^^K^O^ Rivl\7 281 HJCOCHN 
7-Acetamido-5H-indeno 1,2-b p y r i d i n e 
^14^12^^2^ RimV 224 H J C O C H N 
H ' ' H 
5-Acetamido-7-nitro-52-indeno 1,2-b 
- p v r i d i n e 
^14^11^V3 RI;^ \V269 H MHCX>CH3^ 
5H-indeno 1 ,2-bJpyridine5-one U-oxide 
C^^lirj¥.0^ RIvlVV 197 
Known 
I S I c 
5H-indeno [j , 2-b] p y r i d i n e K-oxide 
C^2^9^'^'0 RivW 183 
Knovm ^ 
7-Nitro-5H-indeno ,2-"bJpyriQin-5-one O 
u r i1 
W-oxide 
0,^^^^ Rm 2 4 2 
0 
7 - K i t r o - 5 H - i n d e n o | j , 2-bj p y r i d i n e 
H-oxide 
o 
. . J . 
I f — r n 
C-^HQN^OT RIVM 2 2 8 
1 <^  O J 0 2 , ^ ^ 
i 6 i a 
Table 4. bummary of othe r compounds produced from 
Chapter 8. 
2-Phenyl-3-pyridine c e r b o x y l i c acid 
C^^H^^^O Rmi 199 
COOH 
9 , 9 ' - B i f l u o r e n y l 
^26^18 330 
9"HyQro>:y -9-propyliluorene 
S6 ^ 1 6 ^ RM^V 224 
New H O ' 7CHi^^CH3 
9-hydroxy - 9-phenylfluorene 
C^gH^^O RLIW 258 
HO Cferts 
Pluorenone oxime 
C^^HgNO RL-RV 195 
Phenanthridone 
C^ 2^ 9i^ TO RL-RV 195 
N - O H 
Conclusions and Furth e r Work. 
Attempts t o make indenopyridines by the Vilsmriier-Haack 
f o r m y l e t i o n o f enamidoindenes proved not t o be v i a b l e due t o 
the f o r m a t i o n , under a c i d i c c o n d i t i o n s , o f di-condensation 
products.Omission.of the e c i d c a t a l y s t r e s u l t e d i n the 
for m a t i o n of 2-acetamidoindene (183) i n v a r i a b l e y i e l d s . 
1-Acetamidoindene (182) could not be prepared. 
I t also seemed t h a t 2-acetamidoindene (183) was made v i a an 
i m p u r i t y i n commercial 2-indanone (168).As no r e a c t i o n occurred 
when pure 2-ind3none Cl68) was u s e d , t h i s work was d i s c o n t i n u e d , 
f u r t h e r v/ork,however,is o b v i o u s l y needed on these r e a c t i o n s . 
I f the enamidoindenes could be made i n good yield', the 
Vilsmeier-Haack f o r m y l a t i o n could be used as a p o t e n t i a l 
r o u t e t o I n d e n o p y r i d i n e s . 
I n v e s t i g a t i o n s of the W o l f f rearrangement of benzChDouinoline-
5 ,6-diGZoketone(186) a l s o proved t o be unsuccessful. 
Although 9H-fluorene - 9 N-tertbutylcarboxamide (197)v-/as obtained 
by rearrangement of 9-diazo -10-phenanthrone ( 1 9 5 ) , 
rearrangement of the n i t r o g e n analogue was not achieved. 
Spectroscopic data i n d i c a t e d the presence of the desired 
i n d e n o p y r i d i n e , p u r i f i c a t i o n , however, could not provide 
pure sampleso 
F u r t h e r work could i n v o l v e the a d d i t i o n of a t e r t i a r y amine 
t o the me t h a n o l / t e t r a h y d r o f u r a n system t o see i f rearrangement 
could be encouraged. Work could also be c a r r i e d out i n t o 
i n v e s t i g a t i n g the use of d i f f e r e n t s o l v e n t systems t o see 
i f t h i s could e f f e c t rearrangemBnt, 
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Using e p u b l i s h e d s y n t h e s i s , a range of i n d e n o p y r i d i n e s were 
made from 3-methyl-2-phenylpyridine ( 7 9 ) . 
F u r t h e r work could i n c l u d e i n v e s t i g a t i o n s i n t o the f o l l o v / i n g 
areas: 
1 the r e a c t i o n between Grignerd reagents and 5S-indeno[_1,2-b) • 
pyridine-5-one (.8). 
2 s u b s t i t u t i o n r e a c t i o n s of the W-oxides of 52-indeno[^1,2-^]-
p y r i d i n e (4) and 5H-indeno [ l , 2 - b j p y r i d i n e - 5 - o n e (8) and 
3 n u c l e o p h i l i c s u b s t i t u t i o n i n the h e t e r o c y c l i c r i n g of t h e 
i n d e n o p y r i d i n e s , f o r example, the C h i c h i b e b i n r e a c t i o n . 
IS3 
Experimental 
General , Solvents and Reagents, 
Common solv e n t s and reagents, obtained from commercial 
sources, were used as re c e i v e d unless otherwise s t a t e d . 
Any chemicals which were r e q u i r e d t o be anhydrous or o f 
h i g h p u r i t y , were prepared u s i n g the methods described 
by Perrin'''*'*et a l and Keese'^'"^ e t a l . 
D i s t i l l e d water was used throughout. 
Solvents were evaporated under reduced pressure u s i n g a 
'Buchi' r o t a r y evaporator. 
M e l t i n g p o i n t s .^mp) were determined i n c a p i l l a r y tubes 
u s i n g an 'El e c t r o - t h e r m a l * apparatus, and quoted values 
are uncorrected. 
Chromatographic procedures 
The p u r i t y of most products v;as checked by T h i n Layer 
Chromatography, u s i n g the ascending technique on 
0.25mm l a y e r s of s i l i c a g e l ( K i s e l g e l G.P. 2 5 4 ) . A l l 
T L C p l a t e s were p r e - e l u t e d w i t h e t h y l a c etate , and 
developed w i t h 50:50 petroleum s p i r i t (bp 40-60°C) and 
e t h y l a c e t a t e , unless otherv/ise s t a t e d , 
uomponents were v i s u a l i s e d under a UV lamp at 254 nm. 
Spectroscopic Procedures 
I n f r a r e d spectroscopy. 
Spectra were recorded u s i n g a g r a t i n g spectrophotometer 
(Perkin-Elmer model 1330), from a potssium bromide d i s c . 
I 5 l f 
Mess Spectrometry (T^) 
Mass spectr a vjere obtained on a Kratos 25 computerised 
mass spectrometer, u s i n g 'probe* samples. T y p i c a l c o n d i t i o n s 
were: Scan r a t e ce. every '% second from 50-500 
Filament c u r r e n t 5.0 A 
Emission c u r r e n t 700 uA 
E l e c t r o n v o l t a g e 40 eV 
The f o l l o w i n g temperature programme was n o r m a l l y used. 
At scan 20 the a i r was turned o f f ; the temperature v;as 
increas e d t o 60^C a t scan 40 and then by 20°C every 20 
scans u n t i l the maximum temperature was reached ( 250*^0). 
A l l computations v;ere c a r r i e d out on a Data General 
desktop computer u s i n g a T e k t r o n i x 4105 monitor system 
w i t h a T e k t r o n i x 4695 p r i n t o u t . K r atos DS 55 and DS 90 
software packages were used f o r a c q u s i t i o n and processing 
r e p e c t i v e l y . 
Winchester discs v/ere used f o r temporary storage, and 
tapes f o r l o n g s t o r a g e . 
P h o t o l y s i s apparatus. 
P h o t o l y s i s was c a r r i e d out u s i n g an immersion w e l l 
photochemical r e a c t o r , which a l l o w s s o l u t i o n s of 
r e a c t a n t s t o be i r r a d i a t e d by u l t r a v i o l e t o r v i s i b l e 
r a d i a t i o n produced by a lamp l o c a t e d i n a cooled, double-
w a l l e d immersion w e l l . 
The e f f i c i e n c y of t h i s type of r e a c t o r i s very h i g h 
since the lamp i s e f f e c t i v e l y surrounded by the r e a c t i n g 
s o l u t i o n . The lamp i s contained i n a double-walled 
Quartz immersion w e l l through v/hich water i s passed f o r 
c o o l i n g . 
;S5 
Two basic types of mercury lamp were used. Low pressure 
lamps (6 or 16V/ r a t i n g ) emit 90% of t h e i r r a d i a t i o n at 
254nra. High pressure lamps (125W) r a d i a t e predominantly 
a t 365-6nm r a d i a t i o n , 
r i u c l e a r Magnetic Resonance Spectroscopy (NPtlR) 
1 1 
H end "^C KRIR were recorded u s i n g a 270 MHz J o e l 
spectrometer#The s o l v e n t s used were Dl^lSO-d^Chexadeuterio 
-dimethylsulphoxide) , CDCl^ ( d e u t e r i o c h l o r o f o r m ) and 
C^ D^ K ( h e p t a d e u t e r i o p y r i d i n e ) • 
The reference f o r ''H mm was t r i m e t h y l s i l a n e (TMS ; J=0 ) . 
Elemental Analyses 
C , H and N analyses were a c r r i e d out by B u t t e r w o r t h 
L a b o r a t o r i e s L t d . of Teddington , Middlesex. 
Part 1, Syntheses i n v o l v i n g the c y c l i s e t i o n of enamides. 
2-Indanone (168) 
2-Indanone ( l 6 8 ) was prepared f o l l o w i n g the method of 
Rosen,Dorfman and L i n f i e l d * * * . 90^ Formic a c i d (175ml), 
water (9ral) and 35% hydrogen peroxide (30ml) were added i n 
t h i s order t o a 500ml f l a s k , and w e r e c s t i r r e d and warmed 
t o 35°C over a p e r i o d of 15 minutes. 
Indene(29«05g, 0.25..-mol) was added over 2 hours, the 
r e a c t i o n temperature being maintained a t 35-40*^0 by 
g e n t l e water cooling.The r e a c t i o n m i x t u r e was s t i r r e d a t 
35^C f o r a f u r t h e r hour, and then a t room temperature 
o v e r n i g h t f o l l o w e d by a d d i t i o n of a f r e s h s o l u t i o n of 
f e r r o u s sulphate heptahydrate (5«3g) i n water (26.5ml), 
The dark amber s o l u t i o n was concentrated t o a t h i r d of o r i g i n a l 
volume under reduced pressure and d i l u t e d w i t h a warm 
s o l u t i o n of concentrated s u l p h u r i c a c i d (,70ml) i n water 
(430ml), and the mixture was steam d i s t i l l e d . W h e n 
d i s t i l l a t i o n was complete, the d i s t i l l a t e t u r n e d 
from.cloudy t o c l e a r . Approximately 1.5 l i t r e s 
of d i s t i l l a t e were c o l l e c t e d and l e f t o v e r n i g h t . 
2-Indanone v;as c o l l e c t e d , by f i l t r a t i o n , i n the form of 
white needles.The f i l t r a t e was e x t r a c t e d w i t h 
D C M (3 x 50ml; and the combined e x t r a c t s were washed 
w i t h water and d r i e d over sodium sulphate ianhydrous).The 
combined e x t r a c t s v/ere r o t o r - e v a p o r a t e d t o dryness, when 
2-indanone v/as obtained as a white s o l i d lump i n good 
y i e l d , 19.8g v60%) which had a mp 55-57°C (hlt^'^^l-^Q^O) 
T L C ,Rf 0.83 , M'*"*132 (Appendix 1.?). I n f r a r e d Oc=0 
1710 ( s ) , DCH 2900 , 3010 (w) cm"''. 
1 -AcetemiQO-2 (1 ' - i n d e n y l ) indene U84) 
7 7 T h i s was prepared u s i n g the method of Smith' .1-indenone 
. i 
(13*2g , lOOmmol) and a.cetamide 2.95g, 50mmol) were heated 
t o g e t h e r i n r e f l u x i n g t o luene (150ml) c o n t a i n i n g t o l u e n e -
4-sulphonic a c i d UOOmg) under a Dean and S t a r k t r a p . 
A f t e r 27 hours, the e::cess of toluene was removed and the 
r e s i d u e cooled. 
'i'he c r y s t a l l i n e rnptr-rrial' v-hich' separatee out v^ ?"s c o l l e c t e d 
and r e c r y s t p l l i s e t i o n from e t h a n o l a f f o r d e d 1 -Rcetr.n-.idc-
2 ( 1 ' - i n d e n y l ) i n d o n e U 8 4 J (6.26g,44rO which had mp 156-7°C 
( l i t ' ^ ' ' ' l 9 7 - 1 9 9 ° C ) . T L.C ,Hf 0.70 .H'^*237 (appendix 1.4;, 
I n f r a r e d C> i!H 3260 (.s),JC=0 1645 (s),OCH 3050 -
3000 cm""*. 
H y d r o l y s i s of 1-acetamidQ-2( 1 * - i n d e n y l ) i n d e n e (iStf) 
1-Acetamido-2(1»-indenyl)indene (0.6g ,3-2 mmol;, 
d i s s o l v e d i n t e t r a h y d r o f u r a n (45ml) was t r e a t e d w i t h 
h y d r o c h l o r i c a c i d v6M , 45ml) and the s o l u t i o n was t h e n 
heated a t 45*^0 f o r 10 hours.Removal of the s o l v e n t gave 
a crude s o l i d , v;hich a f t e r r e c r y s t a l l i s a t i o n from 
a c e t i c a c i d a f f o r d e d 2 ( 1 ' - i n d a n y l i d e n y l ) indan - 1 -one (/S-l), 
( 0 . 192g , 38%), which had m.p. 140-142^0 ( L i t ^ " ' 1 4 1 -
143*^0), T L C ,Rf 0.53 , i.' i ^ * 246 (appendix/'-? ) , I n f r a -
r e d 5C= 0 1675 Ks) , iCH 2950-3040 (w) cm"''. 
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1-Acetamido-2(1 * - i n d e n y l ) i n d e n e {184) 
T h i s was prepared u s i n g the method of Smith'^'^. 1-indanone 
(13»2g , lOOmmol) end ecetamide 2.956} 50mmol) were heated 
t o g e t h e r i n r e f l u x i n g toluene (150ml) c o n t e i n i n g t o l u e n e -
4-sulphonic a c i d UOOmg) under a Dean and St a r k t r a p . 
A f t e r 27 hours, the excess o f toluene was removed and t h e 
resi d u e cooled. 
-The c r y s t a l l i n e - m E t e r i ' a l which separated out was c o l l e c t e d 
and r e c r y s t a l l i s a t i o n from e t h a n o l a f f o r d e d 1 -acetr.mido-
2(1 ' - i n d e n y l ) i n d e n e U 8 4 ) (6.26g,44!^^) which had mp 196-7°C 
(l i t ' " ^ 1 9 7 - 1 S 9 ° C ) . T L.C ,Hf 0.70 .Ivl"^* 287 (appendix 1.4), 
I n f r a r e d 0 ilH 3260 u),»)C=0 1645 (s),OCH 3050 -
3000 cm~\ 
H y d r o l y s i s of 1-acetamido-2 (1 * - i n d e n y l )indene (l.gtf) 
1-Acetamido-2(1*-indenyl)indene (0.6g,3.2 mmol), 
d i s s o l v e d i n t e t r a h y d r o f u r a n (45ml) was t r e a t e d w i t h 
h y d r o c h l o r i c a c i d V6M , 45ml) and the s o l u t i o n was then 
heated at 45*^ 0 f o r 10 hours.Removal of the so l v e n t gave 
a crude s o l i d , which a f t e r r e c r y s t a l l i s a t i o n from 
a c e t i c a c i d a f f o r d e d 2 ( 1 ' - i n d a n y l i d e n y l ) i n d a n - 1 -one (IS'I), 
(0.192g , 385?), which had m.p. 140-142°C ( L i t "^^  141-
143°C), T L C ,Rf 0.53 , i.^ '^ *246 (appendix i-"? ) , I n f r a -
r e d bC=0 l675 ( s ; , iCH 2950-3040 (w) cm"''. 
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Attempted p r e p a r a t i o n of 1-pro p i o n a m i d o - 2 ( V - i n d e n y l ) i n d e n e 
l-Indsnone (5 .0g 3Smmol) and propionemi'de (1.38g ,19mnol) 
were heated t o g e t h e r i n r e i l u : ^ i n g toluene (150ml)under e. 
Dean end Sta r k t r a p f o r 72 hours.The p r e c i p i t a t e v/hica 
separated out on c o o l i n g , v;as \vashed w i t h s a t u r a t e d s§aium 
bica r b o n a t e s o l u t i o n ( 2 x 50ml; and water ( 2 x 50ml) and 
ro t o r - e v e p o r a t e d t o dryness. The* product'v/g.g o b t s i n e d 
i n good y i e l d . 
The r^.S. d i d not give the expected molecular i o n I;r*301, 
but a molecular i o n of I.;"*"'342 i n s t e a d (appendix 1.11) 
Attempted p r e p a r a t i o n of 1-benzaniido - 2 U'-indenypindene, 
1-Indanone (.5.0g ; 38 nmolj end benzamide C2.29S ; 19 
mmol) were he-ated t o g e t h e r under a Dean and S t a r k t r a p , 
i n r e f l u x i n g toluene (.150 ml) c o n t a i n i n g t o l u e n e - 4 -
sulphonic a c i d (lOOmg; f o r 90 hours. 
The r e a c t i o n m i x t u r e v/as cooled, washed , d r i e d and then 
r o t o r - e v a p o r a t e d t o dryness. Evidence from mass 
spectrometry end i n f r a r e d spectroscopy i n d i c a t e d t h s t 
the product we.s benzamide, Liess spectrometry i n d i c a t e d 
t h a t a small amount of ur^cnov/n product was pr e s e n t , 
which had a hit 342 t appendix 1.11;. J-ield of upJcnown 
product was 51f5 w i t h a m.p.> 260°C ( K o f l e r ) . TLC ?.f 0.76. 
I n f r a r e d J C=C I 6 I O cm"''. Pound: C, 94.68 ; K, 5*39 . 
^2^'''^^S ^^ Q'^ ^^ s^ ^ 9 94.73 ; H, 5.26 ^ . 
By comparison 01 mass spectra vappendix 1.11; v/i t h 
p u b l i s h e d data , i t was confirmed t h a t the product formed 
by the s e l f - c o n d e n s a t i o n of 1-indanone (132) w i t h the 
am.ides - propionani'de'bensemide and cinnamamide - r e s u l t s 
15^ 
i n the f o r m a t i o n of the t r i m e r condensation product of 
1-indanone namely Truxene or 10,15-Dibydro-^H-Giindeno> 
1,2-a;1 ' , 2 ^ - c l f l u o r e n e , 0 9 3 ; 
Attempi:ed p r e p a r a t i o n of 1-cinnamamido-2v 1 ' - i n d e n y l ) 
indene (202; 
1-I.ndan.one U.Og , 7 .5 mmol) and cinnamamide (0.557g , " 
3.75 mmol; were heated t o g e t h e r under a Dean and Ztark 
t r a p , i n r e i l u x i n g t o l u e n e v150ml) c o n t a i n i n g t o l u e n e -
4-sulphonic a c i d (lOOmg) f o r 150 hours. 
The r e s u l t i n g s o l u t i o n v.-as washed, c r i e d and r o t c r -
eveporated t o dryness.The r e s u l t i n g c r y s t a l l i n e 
product v/as found t o be cinr.amimide as evidenced by I?- end 
mass spectrometry.Also mass spectrometry showed t h a t 
an unknov.T. product was present w i t h w'^*342 vappencirc i-n;-, 
This compound by nass s p e c t r a comparison w i t h compound 
(1^3) v/ns found t o be 'Tnaxene'. 
2-Acetamido-1(2'-indenyl)indene {^Q5) 
The above method of Smith was used, 2-indanone ( 1 c o ) , ( 1 3 . 2 g , 
lOOmmol) being used i n s t e a d of 1-indanone ( 1 3 2 ) . 
A f t e r 20 hours the excess of toluene was removed and the 
mixture was cooled i n an i c e - b a t h ; C r y s t a l l i n e materi.:^! 
r a p i d l y separated out and was c o l l e c t e d by f i l t r a t i o n . 
R e c r y s t a l l i s a t i o n from a c e t i c a c i d a f f o r d e d 2-acetanido-
1 ( 2 ' - i n d e n y l ) i n d e n e (9.7g ,76f.) which had mp 226-9^C (Lit'^'^ 
228-30^0.T L C ,Rf 0.56. H'^ *287 (appendix 1.5). I n f r a r e d 
0 l.'H 3295 ( s ) , i C H 3020-40 ( w ) , 0 c = O 1665 ( s ) cm"''. 
2-Propionamido-1(2'-indanylJindene (190) 
2-Indanone (5.0g, 38 mmol) and propionamide (1.3Sg,19mmol) 
v/ere heated t o g e t h e r under a Dean and S t a r k t r a p i n 
r e f l u x i n g t o l u e n e c o n t a i n i n g the c a t a i y s t - t o l u e n e - 4 -
sulphonic a c i d vIOOmg) f o r 72 hours. 
The m i x t u r e was cooled i n an i c e - b a t h when c r y s t a l s 
separated o u t . These were c o l l e c t e d and dried.The f i l t r a t e 
was r o t o r - e v a p o r a t e d , a f t e r washing w i t h s a t u r a t e d sodiun 
bicarbonate s o l u t i o n (2 x 50ml), t o dr*.Tiess and these 
c r y s t a l s were a l s o c o l l e c t e d . 
The c r y s t a l s were r e c r y s t a l l i s e d from e t h y l a c etate t o 
a f f o r d 2-proniQnamido-l (2' - i n d e n y l ) i n d e n e (5.7g ,23'^ 0 which 
had mp 210-12*^0. T L C ,Rf 0.65 ,r.-l'^*301 (appendix 1.8), 
I n f r a r e d yiVA 3300 , A'midc3 I , I I 1610 , 1660 cm""^ . 
Pound C,83.63 ; H, 6.23 ; I I , 4.61 . C2.|H^gN0 r e o u i r e s 
0,83.72 ; H, 6.31 ; IT, 4.65 
2-Benzamido-1(2'-indenyl)indene (191) 
The above e::perinent was repeated u s i n g the amide benzamlde 
(2.29g , 19mmol) i n s t e a d of propionc.mide.The m i x t u r e v/r:-s 
r e f l u x e d w i t h t o l u e n e - 4 - s u l p h o n i c a c i d (lOOmg) f o r SO hours. 
V/ork-up of the r e a c t i o n mixture as above a f f o r d e d 2-ber-sr;rriido 
1 ( 2 ' - i n d e n y l ) i n d e n e (3.1Sg ,48f?) which had mp 215-6°C. 
•<• T. c. ,Rf 0c78 ,r.l'''*349 (appendix 1.9). I n f r a r e d J^H 3300 , 
0 C=0 1640 cm""*.Pound C,85.42 ;H,5.57 i^: ,3 .QS^.C^^^^S^O 
r e q u i r e s 0,85.93 ;H,5.48 ;H,4.0ir^ 
Attempted p r e p a r a t i o n of 2-cinnemamido-1(2'-indenyl)indene 
2-Indanone (1 .Og,7.5mmol} and cinnamanide (0.557g , 3 .75 mr.ol) 
were t r e a t e d as above f o r 150 h o u r s . A f t e r washing w i t h 
s a t u r a t e d sodium bicarbonate s o l u t i o n (2 x 50ml) , d r y i n g 
and r o t o r - e v a p o r a t i o n , the r e s u l t i n g c r y s t a l s were found t o 
be cinnamamide , as evidenced by Ivi.S. and I.R. A small 
amount, of unknovm product ..^ s^ aJLso-found, w i t h a 
mass spectrum of r.i'*"356 (appendix 1.12). 
H y d r o l y s i s of 2-acetamido-1(2'-indenyl)ind£ne (iS5j 
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This method v;as taken from Smith . 2-acetamido-1 (2 *-
i n d e n y l ) i n d e n e (0.9g ,3 .13 mmol), d i s s o l v e d i n 
t e t r a h y d r o f u r a n (45ml) was t r e a t e d w i t h h y d r o c h l o r i c 
a c i d V6M , 45 ml) and the s o l u t i o n was then heated a t 
45°C f o r 12 hours. Removal of the solven t a f f o r d e d the 
crude s o l i d , v/hich a f t e r r e c r y s t a l l i s a t i o n from 
t o l u e n e , provided the s o l i d m a t e r i a l - 1'(2'^indanyl-
idenylHnda-n-2-one ( * 8 8 ) , ( 0 .51g , 65*^ 7) which had 
m.po 176-177°C ( l i t ^ ^ 178°C), T L C , Rf O.91 , 
M'*"'246 ( appendix l-G ) , I n f r a r e d ^ C=0 1715 , 
1625 ( s ) , i CH 3050 - 2900 cm"*". 
H y d r o l y s i s of 2-propionamido-1 C2'-ifidenyl)indene (19P) 
2-Propionamido-1(2'-indenyl)indene (I.Og , 3.32 mmol) 
d i s s o l v e d i n t e t r a h y d r o f u r a n (50 ml) v/as t r e a t e d w i t h 
h y d r o c h l o r i c a c i d (6l;I , 50ml) and the s o l u t i o n was heated 
a t 45°C f o r 12 hours.Kemoval of the s o l v e n t gave a crude 
s o l i d v/hich a f t e r r e c r y s t a l l i s a t i o n from t o l u e n e gave 
the s o l i d m a t e r i a l 1 ( 2 ' - i n d a n y l i d e n y l ) i n d a n - 2 - o n e ( 
(0 . 4 3 s f 53^5) , which had mp 176-177^0 ( L i t ^ ^ 178°C), 
T L C , Rf 0.91 , ^" '^246 (appendix 1-6), I n f r a r e d 
0 0 = 0 1720 , 1640 , 6CH 3035 - 2500 cm""*. 
H y d r o l y s i s of 2-benzamido-1 (.2*-indenypindene (191) 
2-Benzamido-1 (2'-indenyDindene (l.-Og , 2.86 mmol), 
d i s s o l v e d i n t e t r a h y d r o f u r a n (50ml) v;as t r e a t e d w i t h 
h y d r o c h l o r i c a c i d ^6ivl , 50ml) and the s o l u t i o n was 
then heated t o 45*^ 0 f o r 13 hours. 
Removal of the s o l v e n t gave a crude s o l i d which was 
r e c r y s t a l l i s e d from toluene t o a f f o r d 1 ( 2 ' i n d a n y l -
i d e n y l )inden-2-one U88),(0,345g •49'^0, v;hich had 
m.p. 177°C(Lit^^ 178°C), T L C ,Rf 0 . 9 2 , M"^* 246 
(.appendix l - f c j , I n f r a r e d ^ C=0 1720 , l 6 3 5 , 
OCH 3030 - 2 9 2 5 cm'\ 
c o n v e r s i o n of 1 ( 2 * - i n d a n y l i d e n y l ) i n d a n - 2 - o n e ( 1 8 g ) t o 
2 - a c e t a m i Q O " 1 (2 * - i n d e n y P i n d e n e (1S5) 
1 ( 2 * - I n d a n y l i d e n y l ) i n d a n - 2 - o n e (2.0g , 8 . 1 3 mmol) was 
heated w i t h Fce*c.mlde (0.5-o? 3 . 1 9 m.T:0l) i n r e f l u : : i n { : 
t o l uene i n xhe presence of the c a t a l y s t toluene-'^-
s u l p h o n i c acil.Rerr.ovai of the s o l v e n t f o l l o w e d 
r e c r y s t a l l i s a t i o n from a c e t i c e c i d p r o v i d e d the 
s o l i d 2-acetamido-1 (2' - i n c s n y l ) indene v0.908g ,2,^^-^), 
T n riJ» r\ r ~ - - r - "•:t^n /T - * ^ " 7 7 o n c m/-.0.^ ^ 
M"*" 287 (appendi;-: 1= ) : I n f r a r e d , i ITH 33OO , 
OCH 3025-3040 iv/) ,'v)0=G IccO cr -1 
I&3 
Conversion o f 1 (2'-indanylidenyl)indan-;^-one O 8 8 ) t o 
2-propionamido-1(2'-indenyl)indene {190) 
1 ( 2 ' - I n d a n y l i d e n y l ) i n d a n - 2 - o n e {2.0s » 8 - 1 3 mmol) end 
propionamide ^0.59g , 8 mmol) were heated t o g e t h e r i n 
r e f l u x i n g t o l u e n e i n the presence of th e cat'ai'yst 
t oluene-4-sulphonic a c i d . Removeil of the s o l v e n t a f t e r 
v/ashing and d r y i n g provided c r y s t a l l i n e product which 
was r e c r y s t a l l i s e d from e t h y l a c e t a t e t o give 
^2-i)ropionamido-1 ( 2 ' - i n d e n v l )indene (1 «01g 41*^) which had 
m.p. 2 1 1 - 2 1 3°C , T I C ,Rf 0,65 , M"^ '301 (appendix !• B), 
I n f r a r e d i C = 0 l 6 6 0 , iCH 2950 , 3040 , 0 NH 3300 cm"*^  
Conversion of U 2 * - i n d a n y l i d e n y l ) i n d a n - 2 - o n e ( 1 8 g ) t o 
2-benzamido-1 (2 ' - i n d e n y l )indene U 9 t ) 
U 2 ' - I n d a n y l i d e n y l ) i n d a n - 2 - o n e ( . 2 . 0 g , 8 . 1 3 mmol) was 
heated w i t h benzamide ( , 0 . 9 8 g , 8 mmol J i n r e i l u x i n g 
t o l uene c o n t a i n i n g the c a t a l y s t , t o l u e n e - 4 - s u l p h o n i c 
a c i d . A f t e r washing the s o l v e n t was removed by r o t o r -
e v e p o r a t i o n and the c r y s t a l s v/ere d r i e d . R e c r y s t a l l i s e t i o n 
p r o v i d e d 2-benzamido-1 ( 2 ' - i n d e n y p i n d e n e ( 0 . 9 1 g , 3 2 ^ 0 
which had m.p. 2 1 5 - 2 l 6 ° C , T L C ., Rf 0.78 , i . ; " ^ ' 349 
(appendix I -q j, I n f r a r e d DH-H 3 3 0 0 , i C = 0 164O cm"''. 
1-Acetemidoindene (182) 
The method of bmith"'"\ves used. 1-indanone ( 5 . 0 g , 35 mmol) 
and acete.mide ( 2 .23g , 3 8 m m o l ) were heated t o g e t h e r under 
a Dean and b t a r k t r a p i n reflu:-:ing t o luene n 2 0 m l ) f o r 100 
hours.Removal of the s o l v e n t gave a crude product o f 1.02g 
which was r e c r y s t a l l i s e d from t o l u e n e . A f t e r r e c r y s t a l l i s a t i o n 
the product was s t i l l impure as evidenced by T L C and J: S 
The impure product was obtaine d i n 145^ y i e l d (0..7cg), which 
had a mp of 81 i-.I*^*l73 (appendix 1.2), i n f r a r e d 3 i^ iH 
3 1 9 5 , 3330 ( s ) , DCH 2820 , 2S40 (v:), Amide I , I I I 6 6 5 , 
1545 cm"''. 
Ai-ceri-pted p r e p a r a t i o n of 1-propionamidoindene 
The atterr.pted p r e p a r a t i o n was c a r r i e d out u s i n g "he 
-7 q 
method of B e n - l s h a i and Zehavi . 1-indanone ( 5 . 0 g , 
rr)mr*T_ \ "-"^ d r>27^'^'^ •"''"^^2.e (2»'^7g 9 3B TT.rr.ol} v.'sre 
heated under a Dean end St a r k t r a p i n r e f l u x i n g 
toluene ',120 ml) f o r 130 hours. Removal of the solvenx 
gave pr o p i o n a r i i d e as evidenced by T L C , IR , "-S and 
m. 3. 
Attempted p r e p a r a t i o n of 1-benzamidoindene 
The method used i s s i m i l a r t o t h a t above..1-indanone 
^5 .0g , 38 mmol) and benzamide ( 4 . 58g , 36 mmol; were 
heated t o g e t h e r under a Dean and St a r k t r a p i n 
r e i l u x i n g t o l u e n e U 2 0'ml) i c r 150 hours. Removal of z'rj 
s o l v e n t gave benzamide as evidenced by mass spectrometry 
and i n f r a r e d soectroscopy. 
Its 
Attemptec p r e p e r a t i o n of 1-cinnamimidoindene 
1-Indanone U.Og , 7.5 mmol) and cinnamimide (1.1T4g , 
7.5mmol) were heated t o g e t h e r ur.der a Dean and S t a r k t r a p 
c o n t a i n i n g r e f l u x i n g t o luene {^20 m l ) , f o r 150 hours. 
Removal of the s o l v e n t a f f o r d e d cinnamimide as evidenced 
by mass spectrometry and i n f r a r e d spectroscopy. 
2 - A c e t a m i d o i n d e n e ( 1 8 3 ) 
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The enamide was prepared u s i n g the method of Smith 
2-indanone (.5«0g ,3Smmol) end acetamide ( 2 . 2 3 g , 38mmol) 
were heater under a Dean and Stark t r a p i n r e f i u : ^ i n g t o luene 
f o r 108 hours. Removal of the solve n t gave a crude product 
which was r e c r y s t a l l i s e d from toluene tv/ice t o g i v e 
2-gcetemidoindene ( 3 . 0 3 g , 4 6 ^ ) which had mp 192*^ C (Lit'''''' 
193-4°C).T L C ,Rf 0 . 3 0 . r.i'^*173 (appendi:^ 1 . 3 ) . I n f r a r e d 
ONH 3200 , 3310 , OCH 2900 , 2920 , Amide I , I I 
1665 , 1545 cm"'' 
2-Propionamidoindene ( i q z ) 
The enamide was prepared u s i n g the method of Ben-Ishai 
"19 
and Zehavi . 2-indanone (5.0g, 38 mm.ol) and propionamide 
(2.77g, 35 m:nol) vrere heated under a l e a n .and >"tark typ-.p 
i n r e f l u : c i n g t o l u e n e (l2Cml) u n t i l r e a c t i o n was complete 
as evidenced by T L C The mi?:ture was cooled i n an 
i c e - b a t h where c r y s t a l s r a p i d l y separated out.The c n i c e 
product v;as r e c r y s t a l l i s e d from e t h y l - a c e t a t e t o a f f o r d 
2-pror)ionarr:idoindene ( 2 . 4 1 g ,34'^ ;^) v;ith a m.p. 206-7°C. 
T L C Rf 0 . 5 3 , i.:^ *l£7 (appendix 1.10;, T n f r a r e d 
Or:H 3190 , 3220 , SCH 29cO , 2995 , ;.mide I , I I 
1545 , 1620 cm"'-, "ound C, 76.63 ; n, i.lA ; i:, 7.6c "i. 
0^2^-)--^ r e - u i r e s C, 77.00 ; H, 6o95 ; 7 . 4 £ v . 
Attempted p r e p a r a t i o n of 2-benzamidoindene 
The method i s s i m i l a r t o t h a t above.2-indanone v5.0g, 
3c mmol) and benzamide ( 4 . 5 e g , 33m.nol) were heated 
t o g e t h e r under a Dean and S t a r k t r a p , c o n t a i n i n g 
r e - l u x i n g t o l u e n e (120 ml) f o r 150 hours. 
Ke.-oval o i the s o l v e n t gave benzamide as evidenced cy 
mess spectrometry and i n f r a r e d spectroscopy. 
At~smpted p r e p a r a t i o n of 2-cinnamamidoindene. 
2-Indanone O.Og , 7.5mmol) and cinnariHmide O • 1 H g , 
T.frnmol) were heated t o g e t h e r under a Dean and S t a r k 
t r a p c o n t a i n i n g r e f l u x i n g toluene v120 ml) f o r 150 
hours. The r e s u l t i n g s o l u t i o n was r o t o r e v a p o r a t e d t o 
dr^Tiess and the c r y s t a l s were examined. 
Evidence from, both mass spectrometry 'and i n f r a r e d 
spectroscopy i n d i c a t e t h a t cinnamamide was recovered(90r;) 
2 U ^ - Indanylindene )in d f i n - 1 -one (189) 
The ketone v;as prepared u s i n g the method o f B e l l and 
87 
Spansv/ick '.To s o l u t i o n o f sodium (0.35g) i n e t h a n o l 
(20ml) was added 1-indanone(2.0g , 15 mmol).The m i x t u r e was 
warmed on p, steam bath f o r 20 minutes.The product was 
cooled, a c i d i f i e d and d i l u t e d w i t h a c e t i c acid.The s t i c k y 
p r e c i p i t a t e was f i r s t r e c r y s t a l l i s e d from e t h a n o l and then 
t w i c e from a c e t i c a c i d t o y i e l d 2(-1*-indanylidene ) indr.n-1 -
one (2.39g , 64f5) which had mp 141-2^0 ( L i t ^ ' ^ 141-2°C). 
T L.C ,Rf 0 . 5 6 ,j-.r'246 (appendix 1.7). I n f r a r e d i) C = 0 
1680 vs),JCH 2940 , 3050 (w; cm""". 
1 ( 2'-Indanylidene)indan - 2-one (188) 
The ketone was prepared u s i n g the method o f T r e i b s end 
OQ 
Schroth*^ .To a 10^ s o l u t i o n of sodium methoxide i n dry 
methanol v/e.s added 2-indanone (I.Og , 7.5mmol)oThe mi:-:ture 
was s t i r r e d end heated under r e f l u x f o r 2 hours.Che basic 
s o l u t i o n was n e u t r a l i s e d w i t h a c e t i c a c i d (4ml).The 
c r y s t a l s which formed were c o l l e c t e d by f i l t r a t i o n ?rnd 
washed w i t h v/ater and d r i e d over sodium sulphr.te.The creen 
c r y s t a l s of (1SS) were obtained i n KQOQ. y i e l d (1 .3Sc»75^) 
which had mp 177-S°C ( L i t 173^C).T L C ,Rf 0 .91 , 
246 (appendix 1.6) , I n f r a r e d 0 0 = 0 1725, 1635 ( s ) , J CH 
3070 , 2950 (wj cm"''. 
Attempted s e l f - c o n d e n s a t i o n of 2-indanone ( I 6 8 ) 
2-Indanone (,5.0g,38mmol) was heated i n r e f l u x i n g toluene 
(leOmp c o n t a i n i n g toluene-4-sulphonic a c i d (200mg) f o r 
48 hours under a Dean and Stark trap.On c o o l i n g a 
p r e c i p i t a t e separated out which was c o l l e c t e d , d r i e d and a f t e r 
r e c r ^ ' s t a l l i s a t i o n from dirnethyl formamide y i e l d e d a product 
w i t h M"^*360, (2 .37g , 52^ S) which had a mp 215°C w i t h 
decomposition ( K o f l e r ) . T L C ,Rf 0 .76 ., I n f r a r e d Jc = C 1o3C, 
169s cm"^.Pound 0 , 9 1 . 0 6 ;H ,5.21 ^..C^YH^QO r e q u i r e s C,r.C.O; 
H,5.0 f.. Ivi"^*360 (appendix I . 1 3 ) . 
R o t o r - e v a p o r a t i o n of the f i l t r a t e gave a s o l i d ( 2 . 5 g ) which 
by mass s p e c t a l and rap., comparison,, was found t o be 
s t a r t i n g m a t e r i a l , 2-indanone. 
2-Acetamido-1(2'-indenyl)indeneUSS) 
2-Acetamidoindene (0.7g , 4mmol) was r e a c t e d w i t h 
2-indanone O.Og ,7.5mmol) i n the presence of t o l u e n e -
4-sulphonic a c i d i n r e f l u x i n g toluene f o r 90 hours. 
Removal of the solven t end r e c r y s t a l l i s a t i o n from a c e t i c 
a c i d p r o v i d e d 2-acetamido-1 (2' - i n d e n y l ) i n d e n e W85), 
( 1 . 1 5 8 g ,76f.) , which had m.p. 228 -229°C CLit'',"'228 -
230°e), Ivl"^*287 (appendix 1-5) , . I n f r a r e d ^ NH'" 
3295 (s) , i C H 3020-3040 (w) ,^ C=0 1 6 6 0 ( s ) cm"''. 
2-Propionamido-U2'-indenyl)indene 
2-Propionamidoindene (I.Og , 5.34 mmol) was r e a c t e d 
w i t h 2-indanone ^0.70g, 5.3 mmol) i n the presence o f 
of toluene-4-sulphonic a c i d , i n r e f l u x i n g t o l u e n e , 
f o r 70 hours. Removal of the solven t a f t e r washing 
and d r y i n g a f f o r d e d the crude s o l i d , v.'hich on 
r e c r y s t a l l i s e t i o n from e t h y l acetate p r o v i d e d 
2-propionamido-1{2'-indenyl)indene ( 1 . 0 9 g ,68^),which 
had m.p. 211-212^0 , T L C , Rf 0.65 , M"*301 
^appendix l-.S ) , i n f r a r e d i>N-H 3300 ( s ) , Amide I , I I 
1 6 6 0 , 1610 cm"''. 
Time Study o f t h e prepate.ion of 2 - ? r o p i o n a n i c O ' -
1 ( 2 ' ' i n d e n y l ) i n d e n e ( 1 9 0 ) 
Propionemide (1.3Sg ; 1 9 m m o l ) and 2-indanone (5.0- ; 
38 mmol) were h e a t e d t o g e t h e r i n r e f l u x i n ^ t o l u e n e 
i n the presence 01 p - t o s i c a c i c . Samples were t a k e n 
every ';2 hour. 
By comparison w i t h a u t h e n t i c 2-propionemidoindene, TLC 
examination confirmed t h a t the p r e p a r a t i o n of 2-propionr.rrddo 
1 ( 2 ' - i n d e n y l ) i n d e n e (190) proceeded v i a r o u t e 1, a s 
2-propionamidoindene was formed d u r i n g the r e a c t i o n , r.nd 
not the corresponding dimer ketone (153). 
Talcing the r e a c t i o n t o completion (72hours) r e s u l t e d i n 
the f o r m a t i o n of 2-propionamido-1 (2 ' - i n d e n y l ) indene ( 5 8 ^ ' ) , 
which had m.p. 211-212°C, TLC Rf 0 . 6 5 , I . : " * 301 
(.appendix 1.S) , I n f r a r e d OI'-H 3300 (s) , Amide I , I I 
1660 , 1610 cm"^. ... ._ _ 
Conversion of 2 ( 1 ' - i n d e n y l i d e n y l ) i n d a n - 1 - o n e ( I g ^ ) t o 
1-acetamido-2(1'-indenylJindene (1 S^) 
2 0 ' - I n d a n y l i d e n y l ) i n d a n - 1 - o n e ^2.0g, 8.3 mmol) was 
heated w i t h acetamide \.0.5gi 8.19mmol) i n r e f l u x i n g 
t o l u e n e , i n the presence of the c a t a l y s t , t o l u e n e - 4 -
sulphonic a c i d f o r 48 hours. 
Removal of the s o l v e n t gave the crude product,which 
a f t e r r e c r y s t a l l i s a t i o n from e t h a n o l , a f f o r d e d 
1 -acetamido-2U ' - i n d e n y l )indene i , 1 g , 43*^) v/hich had 
m.p. 198°u ( L i t ' ^ 197-199°C), T L C ,Hf 0.70 , M"^ '287 
veppendix 1-^), I n f r a r e d i c = 0 164O ^s; , i CH 3 0 5 0 -
3 0 1 0 (w) , 0 1^ '^  3 2 6 0 cm"** 
Sel f - c o n d e n s a t i o n of 1-ir.danone (132) 
1-Indanone (5.0g , 38mmol) was heated i n r e f l u x i n g t o luene 
(ISOml) c o n t a i n i n g toraene-4-sulphonic a c i d (20Cmg) f o r 
96 hours under a Dean and S t a r k trap.On c o o l i n g a small 
amount of y e l l o w p r e c i p i t a t e v^as collected,Mass spectra 
and elemental a n a l y s i s evidence suggests t h a t t h i s i s ( 1 9 3 ) 
or Truxene ( 1 5 ) which had mp 260*^ C ( k o f l e r ) . ' : ' L C ,Rf 0.76 
I;i'^'342 Uppendix 1.11). I n f r a r e d OC = C 1603 cm"''. Pound : 
C, 94 . 6 8 ;H, 5 . 3 9 ''^•^21^8 ^ ©ouires C,94.73 ; H, 5.26^:. 
The remaining f i l t r a t e was washed , d r i e d and r o t o r -
evaporated t o dryness. The r e s u l t i n g s o l i d (3 . 7 5 g,335) had 
no 
m.p. 1 3 2 ^ 1 ; ( K o f l e r ) , T L,C ,Rf 0 . 6 6 , M"*"* 3 5 6 (appendix i - i i ) 
I n f r a r e d - | 6 l 2 , l 6 7 9 cm"''.Pound: C, '87 .21 ; " 
H, 5.6l?S. C27H^^0 r e q u i r e s C, 91 ; H, 4 . 4 9 
Self-condens£tion of 1-indnnone ( 1 3 2 ) . 
1-indanone (^ .O^ ^ ; 7 . 5 r.ir.ol) wr.s heated w i t h p - t c s i c 
a c i d i n r e f l u x i n r ; t o l u e n e . A f t e r 4 dr-vs the reac-:ion 
was stopped. Remov^.l of the excess of s o l v e n t gfve a 
small amount of s o l i d v/hich was i d e n t i f i e d as Tru^^ene, 
by m.p. and TLC comparison w i t h a u t h e n t i c m a t e r i a l , 
i n poor y i e l d ( r ; ) .m.p. •> 340°C TLC Rf 0 . 5 3 . 
S e l f - c o n d e n s a t i o n of 1-indanone f o r a s h o r t p e r i o d of 
t i m e . 
The r e a c t i o n c o n d i t i o n s are e x a c t l y as above, except 
the r e a c t i o n was stopped a f t e r 48 hours. 
On c o o l i n g a y e l l o w p r e c i p i t a t e was o b t a i n e d , which 
was c o l l e c t e d and d r i e d . 
The remaining s o l u t i o n was washed w i t h water and d r i e d 
R o t o r - e v a p o r a t i o n t o dryness a f f o r d e d a y e l l o w s o l i d . 
R e c r y s t a l l i s a t i o n from a c e t i c a c i d a f f o r d e d , i n each 
case , 2 ( 1 ' - i n d a n y l i d e n y l ) i n d a n - 1 - o n e (fS^) (95^0, 
which had m.p. 141-143°C (Lit^''l41-142°C ) , T L C , 
Kf 0 . 3 5 ,i.-!'^* 246 (appendix I " ) , I n f r a r e d dC^O 1675 , 
dCn 2940 , 3051 cm"''. 
n i 
;:)elf-condensation of 1-indanone f o r a l o n g p e r i o d of 
tim e . 
1-£ndanone (1..0g , 7.5mmol) was.xefluxed i n t b l u e n e 
( 1 2 0 ml) c o n t a i n i n g toluene-4-sulphonic a c i d (80mg; 
f o r 1 6 8 h o u r s . A f t e r t h i s time the r e a c t i o n was stopped. 
On c o o l i n g , a y e l l o w p r e c i p i t a t e separated o u t , which 
was c o l l e c t e d end d r i e d . A n a l y s i s i n d i c a t e d t h a t 
'Truxene* was obtained ( 6 5 % ) , which had m.p.> 340*^0, 
T L C , Rf 0.53 , i.i"^*342 (appendix i - u ) , I n f r a r e d 
6CH2 1 3 8 7 , 1 4 6 7 ; ^CU 7 3 2 cm"^ 
The remaining s o l u t i o n was washed w i t h water(3 x 30ml) 
and d r i e d . R o t o r - e v e p o r a t i o n t o dryness a f f o r d e d 
2( V - i n d a n y l i d e n y l ) i n d a n - 1 -one (l8«l) , (25'^0 , v/hich 
had m.p. 141-143°C(Lit^"^ 141-142°C) , T L C , Rf 0.55, 
f / r ' 2 4 6 (appendix M ) , I n f r a r e d . JC=0 1 6 7 2 , JCH 2939 , 
3 0 5 0 cm"\ 
Conversion of 2 ( V - i n d a n y l i d e n y p i n d a n - l - o n e t o 
'Truxene' ( f q 3 ) 
2 U ' ' I n d a n y l i d e n y l ) i n d a n - 1 - o n e (lOOmg) was r e f l u x e d i n 
toluene c o n t a i n i n g t o l u e n e - 4 - s u l p h o n i c a c i d ( 1 5 m g ) f o r 
120 hours, a f t e r which time, the r e a c t i o n v;as stopped. 
On c o o l i n g , a p r e c i p i t a t e separated out, which was 
c o l l e c t e d and dried.Mass s p e c t r a i n d i c a t e s t h a t 
the compound i s 'Truxene * ( r q 3 ) , ( 5 6 % ) , which had 
m.p. >340°C, T L C , Rf 0 . 5 3 , Ll'*"'342 (appendix/• 11 ) , 
I n f r a r e d i CH2 1390 , 1 4 7 0 ; 0 CH 7 3 5 cm"''. 
The remaining s o l u t i o n was washed w i t h water end 
d r i e d . K o t o r - e v a p o r a t i o n t o dryness and r e c r y s t a l l i s a t i o n 
from a c e t i c a c i d a f f o r d e d 2 ( 1 ' - i n d a n y l i d e n y l ) i n d a n -
1 -one ( I 8 e ) , (13^^) -, which had m.p. 1 4 2 - 1 4 3 ^ 0 ( L i t ^ "^  
1 4 1 - 1 4 2 ^ 0 , T L C , Rf 0 . 3 5 , r.'i"^ *246 (appendix / • ' T ) , 
I n f r a r e d 0 0 = 0 1 6 7 2 , J OH 2 9 4 0 , 3 0 5 0 cm"\ 
Attempted p r e p a r a t i o n of 2-ecetamidoindene. 
Freshly prepared 2-indanone ( 5 . 0 g ; 3 8 mmol) end 
acetamide ( 2 . 2 3 g ; 3 8 mmol) were heated t o g e t h e r under 
a dean and s t a r k t r a p i n r e f l u x i n g toluene f o r 9 6 hours. 
Removal of the solvent a f f o r d e d 2-indanone, recovered 
i n 82^. y i e l d , which had m.p. 56 -57°C (Lit®^ 5 7 - 5 8°C), 
TLC Rf 0 . 8 3 , M"^* 132 (appendix 1 .1 ) , I n f r a r e d 0 C = 0 
1710 ( s ) , OCH 2900 , 3010 (w) cm -1 
P r e p a r a t i o n of 2-acetemidoindene. 
2-Indanone ( s u p p l i e d by A l d r i c h , p u r i t y 7 5 ^ )» (5.0g ; 
38 mmol) and ecetamide (2.23g ; 38 mmol) v/ere heated 
t o g e t h e r i n r e f l u x i n g toluene f o r 96 hours. 
Removal of the so l v e n t a f f o r d e d 2-acetamidoindene i n 
poor y i e l d { ! % ) , which had m.p. 192-193°C (Lit'^'^ 1 9 3 -
194°C), TLC Rf 0 . 3 0 , M"*"* 173 (appendix 1.3) , I n f r a r e d 
O^ JH 3 2 0 0 , 3 3 1 0 , OCH 2900 , 2920 , Amide I , I I 1665 , 
1545 cm"''. 
Attempted p r e p a r a t i o n of 2-acetamidoindene. 
2-InQanone was f r e s h l y prepared and allowed t o 'age' by 
l e a v i n g the ketone i n a i r . The attempted condensation 
between 2-indanone ( 5 . 6 g ; 38mmol) and acetamide ( 2 . 2 3 g ; 
38 mmol) was c a r r i e d out i n r e f l u x i n g t o luene f o r 96 hours 
Removal of the excess solv e n t a f f o r d e d o n l y the s t a r t i n g 
ketone, i n y i e l d s between 80 - 90 55 . 
The above experiment was c a r r i e d out every f i v e days, 
f o r example u s i n g 5 day o l d , 10 day o l d , 15 day o l d 
e t c . 2-indanone. Tha l e s t experiment was c a r r i e d put 
u s i n g 99 day o l d 2-indanone.On no occasion was 2-acetamido-
indene formed, instea<ii o nly the ketone was recovered. 
n2a 
Part 2. Syntheses involving the V/olff rearrangement 
of benzOi'3quinolin-5,6-diazoketone. 
BenzChlQUinolin"5t6»^dione {^'\) 
BenzDOquinolindione was prepared according to the 
method of Kloc et a l 
BenzOOquinoline (13.4g , 75 mmol) was dissolved i n 
acet i c acid ( 3 0 0 ml) to which iodine pentoxide (26.2g) 
was added with s t i r r i n g . The solution, pale orange i n 
colour,was refluxed with s t i r r i n g for 2 hours.The 
excess iodine pentoxide was removed by f i l t r a t i o n , and 
iodine as well as a c e t i c acid were removed from the 
f i l t r a t e by rotorevaporation to dryness. 
The orange s o l i d which remained was co l l e c t e d and dried. 
3-Og of impure dione v/ere transferred to an extraction 
thimble and soxhlet extracted into chloroform (280 ml). 
After extraction was complete, the extract was washed 
with ^0% w/v sodium thiosulphate (100ml), d i s t i l l e d 
water (100ml) and then back extracted with chloroform 
C50ml).The f i n a l extract was dried over sodium sulphate 
and then rotor-evaporated to dryness. 
R e c r y s t a l l i s a t i o n from ethanol afforded pure benz(h)-
quinolindione. The remaining dione (11.Sg) was p u r i f i e d 
following the above procedure. 
BenzChJquinolin-5,6-dione U0%) had m.p. 214°C(Lit*'' 
214 -215°C),T L.C ,Rf 0.5 lib),M"*" 209 Cappendix/-iq-) , 
. Imfrared d C=0 l690 , 1675 cm"\ 
Kloc^"^ et a l proposed an a l t e r n a t i v e method of 
p u r i f i c a t i o n of the impure dione. 
n 3 
After rotor-evaporation of a c e t i c acid, benzene (100ml) 
was added to the residue and then d i s t i l l e d off together 
with any remaining iodine.This was repeated uijitil the 
d i s t i l l a t e was colourless. 
The crude product was decolourized by heating with carbon 
and a f t e r drying was r e c r y s t a l l i s e d from ethanol to 
give the orange needles of benzCh'3quinolin-5,6-dione^ 
35^ (m.p., IR , MS and TLC as before ) . 
As the y i e l d s of p u r i f i c a t i o n were so lov/, attempts were 
made to purify the dione by f l a s h chromatography. 
Dione (0.5g) was dissolved i n dimethyl formamide(2ml), 
and placed on top of the column.The column(20 x 250mm) 
was dry packed with stationary phase,(Kiselgel 60 , 
230 - 400 mesh), 60g; with eluent ethyl acetate(25^), 
petroleum ether (40 - 60)(75^)« The flow rafe was 
maintained at 10.5 ml min"^ and the % of ethyl acetate 
was gradually increased u n t i l the f i n a l , e l u e n t was 
1005; ethyl acetate. 
The f r a c t i o n s were co l l e c t e d and examined by T L C ( l b ) 
and those containing solutes with s i m i l a r Rf values were 
combined.The dione obtained by t h i s p u r i f i c a t i o n gave a 
different Rf value as well as a d i f f e r e n t melting point. 
The i n i t i a l m.p. was 207^C which was r a i s e d to 209°C by 
r e c r y s t a l l i s a t i o n from ethanol (Lit'"'214 - 215°C), T L C , 
Rf 0.94 ( l a ) (Ref pure dione 0.82), 32% y i e l d (l60mg 
recovered)• 
Benz£h]quinolin-5,6-dionium chloride (206) 
The dione (3.0g ; 14.4 mmol; was disoolved i n r e f l u x i n g 
chloroform (80ml) and t h i s solution was heated with 
decolourising charcoal (I.Og), then cooled and f i l t e r e d . 
The chloroform solution v;hich resulted was s t i r r e d i n an 
ice-bath and hydrogen chl o r i d e gas was bubbled in t o i t 
ata steady rate for 20 minutes.The crude product was 
washed v/ith diethyl ether ajid then dried i n vacuo. 
The i n f r a r e d spectnam of the crude s a l t demonstrated a 
marked s h i f t i n the carbonyl st r e t c h i n g frequencies 
(limax e=0 1730 , 1700 cm"'*.) 
R e c r y s t a l l i s a t i o n from methylcyanide gave the free bases, 
which had a m.p, of 214°C.Pure benzQJquinolin-5>6-
dione was obtained i n 62^ yield.T L C. , Rf 0.5 (1b), 
In f r a r e d 0C=0 I690 , l675 cm"''. 
BenzQQ quinolin-5»6-diazoketone(» 8^) 
Benz00 quinolin-516-dione (503mg ; 2.4ramol) was 
suspended i n a solution of toluene-4-sulphonylhydrazide 
U82mg) i n ethanol(10ml) and was then heated for 65 
minutes at 40 - 50*^0. 
The r e s u l t i n g solution was cooled i n an ice-bath and 
the white p r e c i p i t a t e was co l l e c t e d by f i l t r a t i o n . 
R e c r y s t a l l i s a t i o n from methanol afforded pure benzQi]-
quinolin-5»6-diazoketone v75^), which had m.p. 142-3^C, 
(Lit'^ 142-5°C),T L C ,Rf O.6I ( l a ) , M"*"*221 (appendix l''5), 
I n f r a r e d 5iJ=N 2110 f JC=0 I640 cm"''. 
Part i . Wolff rearrangement of benzQi^Guinolin-S,6-
diezoketone induced by Thermolysis. 
Rearrangement A> 
Ben2Chlquinolin-5,6-diazoketone (I.Og ,4.5mraol) was 
dissolved i n a mixture of benzyl alcohol(5ml) and 
dimethylaniline (5ml).The solution was r a p i d l y heated 
by immersing the reaction f l a s k into a pre-heated o i l 
bath at 180°C. After a few seconds nitrogen gas began 
to evolve.Heating was continued up to 190°C for 
5 minutes when the evolution of nitrogen ceased. 
The solution was cooled and ether (15ml) was added. 
The extract was washed v/ith d i l u t e hydrochloric acid 
(2 X 10ml) and d i s t i l l e d water (3 x 10ml). 
The a c i d extract was b a s i f i e d and extracted i n t o ether 
(2 X 10ml).The etheral e x t r a c t s were combined end a f t e r 
drying t h e i r volume was reduced by rotor-evaporation 
to 3 ml. 
Several products were present as evidenced by T L C , 
(la).Attempts were made to separate them by f l a s h 
chromatography. 
The column (20 x 250 mm) v/as d r y packed with the s t a t -
ionary phase, 60 g ( K i s e l g e l 60; 230-400 mesh) and the 
i n i t i a l eluent was 5%ethyl acetate/9555 petroleum ether. 
The flow rate was maintained at 11.3 ml min"\ and the 
r a t i o of ethyl acetate,after several f r a c t i o n s had been 
co l l e c t e d was r a i s e d to 10^. 
The f i n a l f r a c t i o n s were c o l l e c t e d using a c e t i c acid 
as eluent. 
The f r a c t i o n s were collected and examined by T L C ( l a ) , 
and those containing solutes with s i m i l a r Rf values 
were combined. 
graction I 
Rf 0 . 6 3 
IR No 5 0 = 0 s t r e t c h i n g frequencies 
MS No indenopyridine fragments present 
Fraction I I 
Rf 0.33 
IR d 0 = 0 1740 cm""^  
tIS No indenopyridine fragments present 
Fraction I I I 
Rf 0.23 
IR 0 0=0 1740 cm"'' 
MS Indenopyridine fragment observed at m/z-181 fApptn<i^ l - i b ) 
Fraction IV 
Rf 0.05 
IR j)C=0 1715 cm"*^  
IJIS m/z"301 was present along with other fragments,but 
appeared impure (appendix l-n ) . 
The small amount of product which appeared to be present, 
however, could not be p u r i f i e d further. 
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Rearrangement .B> 
Diazoketone(0.5g ,2.26mraol), was d i s s o l v e d i n a 
mixture of ethanol(7.5ml) and t r i e t h y l a m i n e (7,5ral) 
and was r e f l u x e d . The r e s u l t i n g s o l u t i o n was examined 
by T L C (1c) and I.R. at r e g u l a r i n t e r v a l s . 
A f t e r 8 hours the r e a c t i o n was stopped.Prom T L C , the 
main component was.<found t o be the s t a r t i n g diazoketone 
(Rf 0.16), a very small amount of p o s s i b l e product was 
also evidenced at Rf 0.24, but from IR spectroscopy, 
no carbonyl e s t e r groups were present. 
Fu r t h e r r e f l u x i n g d i d not a l t e r t h i s situation.Removal 
of the s o l v e n t gave the diazoketone ^87^). 
Rearrangement C. 
The diazoketone (200mg,0.9nimol) ,was d i s s o l v e d , w i t h 
s t i r r i n g , i n t o ethanol (10ml) and the r e s u l t i n g s o l u t i o n 
was r e f l u x e d f o r 9 h o u r s . A f t e r t h i s time no r e a c t i o n 
* 
had occurred, as evidenced by T L C (1c) and I n f r a -
r ed. 
Removal of the s o l v e n t gave the diazoketonevm.p. H5°C 
iL±t'^^^A2'5^v) i n 93^^ y i e l d . 
Rearrangement D, 
The diazoketone (0.5g ; 2.26inraol) was d i s s o l v e d i n 
benzyl a l c o h o l U5ml) and the r e s u l t i n g s o l u t i o n was 
r e f l u x e d f o r 12 h o u r s , a f t e r which time the major product 
was the diazoketone (Rf 0.63 , l a ) . 
The s o l u t i o n was s p l i t . O n e h a l f was placed i n an 
u l t r s o n i c bath f o r 30 minutes, a f t e r which time t h e r e 
was no change. 
n8 
The o t h e r h a l f was a c i d i f i e d v d t h 2M HCl, a f t e r which 
the s o l u t i o n turned from dark red t o yel l o w i n c o l o u r . 
The s o l u t i o n was e x t r a c t e d i n t o e t h e r (2 x 10ml), 
b a s i f i e d w i t h 2fii NaOH and then e x t r a c t e d i n t o c h l o r o f o r m 
(25ral).The r e s u l t i n g c hloroform e x t r a c t , blue i n c o l o u r , 
was r o t o r - e v a p o r a t e d t o a f i n a l volume of 3nil . 
Several products were evidenced by T L C ( l a ) , these 
were separated by p r e p a r a t i v e T L C , u s i n g l a as the 
mobile phase. 
The f o u r products which were observed were scraped from 
the p l a t e s and placed i n t o c e n t r i f u g e tubes. 
They were e x t r a c t e d v/ith c h l o r o f o r m U5ml) by 
c e n t r i f u g i n g f o r 15 minutes at 1.5 x 1000 0/min(R.P,M.) 
Each of the f o u r e x t r a c t s were examined by IR spectroscopy. 
None of the f r a c t i o n s were found t o c o n t a i n a carbonyl 
e s t e r a b s o r p t i o n . 
Mass spectrumof each of the f r a c t i o n s also confirmed t h i s , 
also t h a t no i n d e n o p y r i d i n e fragments were present. 
This l e d me t o b e l i e v e t h a t the d e s i r e d e s t e r was not 
present i n any of the f o u r f r a c t i o n s . 
F a r t i i , Wolff rearrangement induced by P h o t o l y s i s 
9-Diazo-10-phenanthrone ( R5) 
The diazoketone was prepared according t o the method of 
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Cava et a l .9,10-phenanthraquinone (1.4g ; 6.7mmol) 
was suspended i n a s o l u t i o n of toluene-4-sulphonylhydra-
zide (1.246g ; 6,7mmol) i n ethanol(15ml). 
The s o l u t i o n was r e f l u x e d u n t i l a l l t h e dione had 
d i s s o l v e d • The s o l u t i o n was allov/ed t o cool and yellov; 
c r y s t a l s p r e c i p i t a t e d o u t . R e c r y s t a l l i s a t i o n from methanol 
a f f o r d e d pure 9"diazo -10-phenanthrone ( 53% ),which had 
ra.p, 107'^C(Lit''*^^107-l09*^C),T L C ,Rf 0,66 ( l a ) . 
I n f r a r e d JN=N 2100 ,^C=0 1628 cm"\ M"^* 220 (appendix 1-18 ) 
9H-Fluorene-9-tertbutylcarboxamide (197 ) 
The amide was produced according t o t h e method of 
h.inson and T r o s t 
9-diaza-10-phenanthrone (0.67g ; 3.04mmol) and 
t e r t b u t y l a m i n e (0.222g , 3.04mmol) were d i s s o l v e d i n 
toluene (150ml) contained i n a p h o t o l y s i s r e a c t i o n 
f l a s k * The s o l u t i o n was deoxygenated f o r 40 minutes 
u s i n g a n i t r o g e n purge.The apparatus was warmed i n a 
water bath a t 40*^ C and i r r a d i a t e d f o r 20 hours u s i n g a 
l , p . mercury lamp (6W). 
A f t e r t h i s p e r i o d the s o l u t i o n was cooled and removal 
of the s o l v e n t a f f o r d e d favm c r y s t a l a ( m . p . 154°C) 
R e c r y s t a l l i s a t i o n from . ethano l a f f o r d e d pure 
9H"fluorene-9"tertbutyloarboxamide ( 86% ) which had 
m.p. 158^0,T L C , Rf 0.6 ( l a ) , I n f r a r e d . JW-H 3265 , 
amide I and I I I 6 5 0 , 1555 cm"'', M'*"'265 (appendix L iR) 
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Attempted p r e p a r a t i o n of 5IL-indenori, 2-'bl p y r i d i n e - 5 - H -
t e r t b u t y l c a r b o x a m i d e (211) 
BenzDOquinolin-5,6-diBZoketone (450mg ; 2.03 mraol) and 
t e r t b u t y l a m i n e n48mg ; 2.03 mmol} v/ere d i s s o l v e d i n 
toluene (150 ml) contained i n a p h o t o l y s i s r e a c t i o n f l a s k . 
The s o l u t i o n was deoxygenated f o r 50 minutes v d t h a n i t r o g e n 
purge,The apparatus v/as i r r a d i a t e d f o r 25 hours u s i n g a low 
pressure mercury lamp (6W). 
Examination of the r e a c t i o n mixture by T L C shov/ed t h a t 
a p a r t from the s t a r t i n g diazoketone, only one o t h e r product 
was v i s i b l e v;ith a Rf of 0.62, t h i s hov;ever appeared t o 
be i n small y i e l d . 
The experiment was continued f o r a f u r t h e r 24 hours, t h e 
r e a c t i o n being f o l l o w e d by T L.C w i t h samples being 
taken every 5 hours. 
The l a s t of these samples, taken a f t e r 24 hours, was seen t o 
c o n t a i n f o u r components. Two of these components came from 
the diazoketone i t s e l f (Rf 0.37 , 0.51 ) , the other two 
being products, Rf 0.67 ; 0.14a 
The r e a c t i o n was stopped a f t e r a t o t a l time o f 49 hours and 
the s o l u t i o n was t r a n s f e r r e d t o a RBF. C r y s t a l s were seen 
t o appear on the p h o t o l y s i s tube as the s o l v e n t evaporated 
off^These were c o l l e c t e d and d r i e d i n a d e s i c c a t o r . 
The s o l u t i o n i n the f l a s k was reduced i n volume and the 
components were separated by p r e p a r a t i v e T L C u s i n g 
petroleum s p i r i t (40-60) 66^^ and e t h y l a c etate 34*^ ? , as the 
mobile phase. 
Each product band was scraped from the p l a t e s and placed 
i n t o c e n t r i f u g e tubes. They were e x t r a c t e d v/ith c h l o r o f o r m 
(15ml) by c e n t r i f u g i n g f o r 10 minutes at 1.5 x 1000 D/min. 
tR.P.M.). 
As evidenced by . i n f r a r e d spectroscopy, none of the f r a c t i o n s 
contained 0C=O amide absorptions and mass spectrometry o f 
each o f the f r a c t i o n s a l s o confirmed t h a t the d e s i r e d product 
was not obtained as no fragments i n d i c a t i v e of an . 
i n d e n o p y r i d i n e were present. 
Attempted p r e p a r a t i o n of (211) 
BenzCh3quinolin-5,6-diazoketone (450mg ; 2.03mmolJ and 
t e r t b u t y l a m i n e (148 mg; 2.03mmol) were d i s s o l v e d I n 
toluene OOOml) contained i n a p h o t o l y s i s r e a c t i o n f l a s k . 
The s o l u t i o n v/as deoxygenatfed .for 30 minutes u s i n g a n i t r o g e n 
purge. The epparetus was warmed to 40*^0 i n a v;ater bath end 
i r r a d i a t e d f o r 72 hours u s i n g a low pressure lamp (6W). 
A l e a k i n the apparatus l e d t o the i n t r o d u c t i o n of v/ater 
i n t o the r e a c t i o n m i x t u r e , hence tv/o l a y e r s v/ere o b t a i n e d . 
Both the aqueous l a y e r and the toluene l a y e r were c o l l e c t e d 
end reduced i n volume, and examined by T L C. 
The aqueous f r a c t i o n contained one component which had a 
Rf of 0.08. Mess spectrometry and i n f r a r e d data showed 
t h a t the expected component (211) was not present. 
The toluene f r a c t i o n contained two major components 
accompanied by many minor products. P u r i f i c a t i o n by 
p r e p a r a t i v e T L C gave t h r e e components w i t h Rf values of 
0 . 6 2 ; 0.46 ; 0.36. 
Mass spectre examination showed t h a t two o f the components 
(Rf 0 . 4 6 , 0 . 3 6 ) contained fragments i n d i c a t i v e of en 
in d e n o p y r i d i n e ( m/z i s i , 153 ; appendix 1 . 2 0 ) . 
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The desired product, however , was not present. 
Attempted p r e p a r a t i o n of methyl (RS ) - 5 l i " i n d e n o r i , 2-b] -
p y r i d i n e - 5 - c a r b o x y l a t e ( 187). 
This r e a c t i o n v;as c a r r i e d out according t o the method of 
77 
Smith .lienzDOquinolin-5» 6-diazoketone (300mg ; 1.4mmol) 
was d i s s o l v e d i n t e t r a h y d r o f u r a n (120ral) and methanol(70ml) 
contained i n a p h o t o l y s i s r e a c t i o n f l a s k . The s o l u t i o n was 
deoxygenated f o r 30 minutes u s i n g a n i t r o g e n purge. 
The apparatus was i r r a d i a t e d f o r 4 hours u s i n g a low 
pressure mercury lamp (6W).The volume of the r e a c t i n g s o l u t i o n 
v/as too g r e a t t o enable s u i t a b l e p h o t o l y s i s t o occur ( o n l y 
50% was being subjected t o UV r a d i a t i o n ) so the m i x t u r e 
was s p l i t . 
I r r a d i a t i o n of the f i r s t h a l f (experiment a ) v/as continued 
v;ith e low pressure lamp f o r 30 hours w h i l s t , i r r a c i e t i o n 
o f the second h a l f (experiment b) was continued f o r a 
f u r t h e r 24 hours u s i n g e h i g h pressure mercury lemp(125V/). 
Both r e a c t i o n mixtures KB and b) were examined by T L C 
Reaction mixture a was found t o c o n t a i n 3 components w i t h 
Rf values 0.66 ; 0.55 ; 0.42. 
Reaction mixture b, also contained 3 components v/ith Rf 
values 0.66 ; 0.42 ; 0.26 . 
hoth s o l u t i o n s were reduced i n volume and the components 
were separated by p r e p a r a t i v e T L.CL The r e s u l t i n g s o l u t e s 
o f s i m i l a r Rf were combined and examined by mass spectrometry. 
The s o l u t e w i t h Rf 0.66 contained fragments atm/z 181 , 
153 i n d i c a t i v e of an i n d e n o p y r i d i n e . 
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The s o l u t e w i t h Rf 0.55 contained fragments atm/i'. 182 , 
154 , i n d i c a t i v e o f an i n d e n o p y r i d i n e s t r u c t u r e , and a l s o 
m/z 241 lappendix 1.21) 
The s o l u t e wit!h Rf 0.42 had a fragment a t m/z 448 , 
(appendix 1.22). 
The mass o f the de s i r e d product was 241, hut a diraer might 
p o s s i b l y occur a t 448. 
Fu r t h e r p u r i f i c a t i o n of these s o l u t e s by f l a s h • 
chromatography proved unsuccessfvil. 
The previous experiment was repeated a t temperatures o f 
0°C and 40°C, the apparatus being i r r a d i a t e d w i t h e h i g h 
pressure lamp f o r 72 hours. 
At 0°C, removal of the s o l v e n t a f f o r d e d t h r e e components, 
as observed by TLC, which had Rf values 0.55 ; 0.42 and 0.26, 
The components were separated by p r e p a r a t i v e TLC and 
e x t r a c t e d w i t h Chloroform.These e x t r a c t s were then examined 
by mass spectrometry. 
A l l t h r e e components were found t o c o n t a i n fragments 
i n d i c a t i v e of an i n d e n o p y r i d i n e , as w e l l as a fragment 
a t m/z 225 ( appendix 1.21 ; 1,22 and 1.23 
The f r a c t i o n w i t h Rf 0.42 , was also found t o c o n a t i n 
a fragment w i t h m/z 448, which might i n d i c a t e the presence 
o f the dimer ( 1 9 4 ) . 
F u r t h e r attempts t o p u r i f y t h e f r a c t i o n s by f l a s h 
chromatography were u n s u c c e s s f u l . 
The previous experiment was repeated a t 40^C by warming 
the apparatus t o 40*^ C i n a water bath. 
Removal of the solvent , f o l l o w e d by examination by 
TLC gave t h r e e components w i t h Rf values 0,77 ; 0,57 
and 0.18. The components were separated by p r e p a r a t i v e 
TLC and e x t r a c t e d w i t h c h l o r o f o r m . 
These e x t r a c t s v/ere then examined by mass spectrometry. 
The components w i t h Rf 0.77 and 0.57 were found t o 
c o n t a i n fragments i n d i c a t i v e of an i n d e n o p y r i d i n e as 
v/ell as a fragment a t m/z 225 (appendix 1.24 and I . 25). 
The l a t t e r e x t r a c t (Rf 0.18) d i d not c o n t a i n any such 
fragment• 
Fu r t h e r p u r i f i c a t i o n by f l a s h chromatography was 
unsuccessful. 
Attempted p r e p a r a t i o n of (211). 
Benz hJouinolin-S,6-diezoketone OOO mg ; 2.03 mmol) 
and t e r t b u t y l a m i n e (100 mg ; 2.03 mmol) were d i s s o l v e d 
i n toluene (120ml) i n a p h o t o l y s i s r e a c t i o n f l a s k , which 
was purged v/ith n i t r o g e n f o r t h i r t y minutes . 
The apparatus was i r r a d i a t e d at room temperature f o r f o u r 
hours u s i n g a high pressure lamp,. 
A f t e r t h i s time the s o l u t i o n was examined by T L C ( l a ) , 
two components were observed : s t a r t i n g m a t e r i a l (Rf 0.63) 
and p o s s i b l e product at Rf 0.39. 
I n f r a - r e d , however, showed t h a t t h i s product had no 
carbonyl amide ab s o r p t i o n and mass s p e c t r a l examination 
d i d not give any i n d e n o p y r i d i n e fragments nor the d e s i r e d 
product i o n of 267. 
Attempts t o p u r i f y the product by f l a s h chromatography 
proved f r u i t l e s s . 
Attempted p h o t o l y s i s of benzDi3quinolin-5,6-dione(*^<i) 
BenzOOquinolin-5,6-dione (400mg ; 1.9mmol) was 
di s s o l v e d i n methanol (70ml) and t e t r a h y d r o f u r a n (120ml) 
contained i n a p h o t o l y s i s r e a c t i o n flask.The s o l u t i o n 
was deoxygenated u s i n g a n i t r o g e n purge. 
The apparatus v;as v/armed t o 40°C i n a water bath ejid 
i r r a d i a t e d f o r 196 hours u s i n g a h i g h pressure mercury 
lamp (125W). 
A f t e r t h i s p e r i o d the r e a c t i o n was cooled and the 
sol v e n t removed to y i e l d the dione ^^ m.p. 214°C,Lit'"' 
2 1 4 - 2 1 5^0). 
The experiment was repeated as above except t h a t the 
dione UOOmg ; 1.9mmol) was d i s s o l v e d i n toluene U40ml) 
aJid the r e s u l t i n g s o l u t i o n wes i r r a d i a t e d at 40^C f o r 
120 hours v;ith a h i g h pressure lamp. 
A f t e r t h i s p e r i o d the r e a c t i o n mixture v/as cooled,removal 
of the so l v e n t gave unchanged dione (m.p. 214*^C,Lit 
214-215°C.) 
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Attempted p h o t o l y s i s of benzCh')quinolin-5,6-diazoketone 
BenzCh3quinolin-5,6-diazoketone (400mg ; I.Bmmol) was 
d i s s o l v e d i n toluene (140ml) contained i n the p h o t o l y s i s 
r e a c t i o n flask.The s o l u t i o n was deoxygenated u s i n g a 
n i t r o g e n purge. 
The apparatus was i r r a d i a t e d at room temperature f o r 
144 hours u s i n g a lov/ pressure mercury lamp (6 W). 
A f t e r t h i s p e r i o d the s o l v e n t was removed t o give 
recovery of the diazoketone (m.p. 143-144^0. Lit'^'' 143-
144^0). 
The above experiment was repeated v/ith the diazoketone 
(300mg ; 1.4mmol) d i s s o l v e d i n t e t r a h y d r o f u r a n (120ml) 
eind methanol (70ml). 
The apparatus was warmed t o 40^C and i r r a d i a t e d f o r 
196 hours u s i n g a low pressure lamp (6\7). 
A f t e r t h i s p e r i o d of time, the r e a c t i o n s o l u t i o n was 
cooled, removal of the s o l v e n t gave unchanged 
diazoketone of which 75*^ v/as recovered.The diazoketone had 
a m.p. of 142°C ( L i t ' ^ 142-145^0). 
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Part 3. Indenopyridines from 3-methyl-2-phenylpyriQine ,(79)« 
2-P h e n y l " 3 " p y r i d i n e c a r b o x y l i c a c i d (158) 
The p r e p a r a t i o n of (158) f o l l o w s the method of DuPriest 
et al24. 
A mixture of 3-methyl-2-phenylpyridine (50.0g ; 0.295 mol) 
and potassium permanganate (140.5g ; 0.89 mol) i n water 
(1.25 1) was heated t o r e f l u x over 1.75 hours and 
maintained at r e f l u x u n t i l e l l the permangente was 
consumed {2 hours). The mixture was f i l t e r e d hot through 
C e l i t e , and the f i l t e r pad was washed w i t h hot water (200ml). 
The f i l t r a t e was a c i d i f i e d v/ith g l a c i a l a c e t i c a c i d 
1.58.75 m l ) , and reduced t o a volume of 300ml. The f i l t r a t e 
was then c o n t i n u o u s l y e x t r a c t e d w i t h dichloromethane 
( . r e d i s t i l l e d ,.350ml). The DCM e x t r a c t s were d r i e d 
(anhydrous MgSO^) and ro t o r - e v a p o r e t e d t o dryness t o 
provide a white s o l i d . 
R e c r y s t a l l i s a t i o n from e t h y l acetate a f f o r d e d the white 
c r y s t a l s of 2-phenyl-3-pyridine c a r b o x y l i c a c i d i n 87^^ 
y i e l d , w i t h a m.p. 166-8°C ( L i t ^ ^ l 6 6 - 8 ^ C ) . TLC.,Rf 0.02., 
I n f r a r e d "3 0=0 1710 cm"'', M"^ '199 (appendix 1.26) ; 
prot o n NMR (.appendix I I . 1) ; I3-C Wr/IR (appendix I I I . 3 ) . 
5S"lndeno ^ 1,2-bj pyridine*5"0ne ( 8 ; 
The c y c l i s a t i o n of 2-phenyl-3-pyridine c a r b o x y l i c a c i d 
1,158) was c a r r i e d out u s i n g the method of DuPriest et e l ^ ' ^ . 
A mixture o f (158), (5.0g , O.025mol) and polyphosphoric 
aci d (.83.33g) was heated over 20 minutes t o 225^0 end 
maintained at 210-215°C f o r 2 hours, a f t e r which the hot 
s o l u t i o n was poured i n t o 3M NeOH (417 ml).Some a d d i t i o n a l 
NaOH was added t o make the s o l u t i o n basic. The mixture was 
cooled i n i c e end the s o l i d t h a t p r e c i p i t a t e d out was 
c o l l e c t e d by f i l t r a t i o n end d r i e d . 
R e c r y s t e l l i s a t i o n from toluene a f f o r d e d the yellov/ 
c r y s t a l s o f 5H-indeno J, 2-b pyridine-S-one (8) i n 97*^ ^ 
y i e l d , v / i t h a m.p. 140-.1^C (Lit^^140-1°C). T L C ,Rf 0.23, 
I n f r a r e d - 0 C=0 1724 cm""", M'^'lSI (appendix 1.27 ) ; 
p r o t o n mm (appendix I I . 3 ) ; 13-C NMR (appendix I I I . 2 ) . 
Pound C, 79.59 ; H, 3.62 ; W, 7.67 %. C^g^^NO r e q u i r e s 
C, 79.56 ; H, 3.87 ; N, 7.73 
(RS) 5-Hydroxy-5Ii-indeno p > 2-b71 p y r i d i n e ( 208) 
5H.-lndeno 1,2-b pyridine-5-one ( 8 ) , ( 2 . 5 g ; 13.8 mmol) was 
d i s s o l v e d i n propan-2-ol UO'Oml) end 'i'HP (15ml). The s o l u t i o n 
was s t i r r e d a t 60-70°C end sodium borohydride (0.3g) v;as 
then added as a s l u r r y i n THF (9.5ml).The r e a c t i o n m i x t u r e 
was s t i r r e d at 60*^ C f o r 2.5 hours end then the excess 
solven t was removed and the m i x t u r e was poured onto i c e / 
water (125ml). A f t e r 1 hour, the s o l i d t h a t had separated 
out was c o l l e c t e d end washed v^ith d i e t h y l e t h e r . 
R e c r y s t e l l i s a t i o n from toluene/methanol .afforded (RS)5''hydroxy-
5H-inaenoPl, 2-b1 p y r i d i n e (208) i n 83^^ y i e l d , v/hich had a 
m.p. 150-2^0 (Lit'^'^150-2°C). T L C ,Rf 0.26 ; I n f r a r e d 
OOH 3450 , 3575 cm"\ M"^'l83 (.appendix 1.28); p r o t o n 
mm (appendix I I . 4 ) ; 13-C NMR (appendix I I I . 5 ) . 
5ji-lndenofl ,2-b] pyridine-5-one hydrazone {55) 
32 
F o l l o w i n g the method of Mlochowski and Szulc"^ , a m i x t u r e 
of 5H-indeno jj ,2-b pyridine-5-one ( 8 ) , U53mg ; 2.5 mmol;, 
g l a c i a l a c e t i c a c i d v0.15 ml ; 2.5mmol), methanol i5ml) 
and hydrazine hydrate (0,78ml ; 15.5 mmol, BOfo) were heated 
under r e f l u x f o r one hour. The s o l u t i o n v/as evaporated under 
reduced pressure, the residue was then washed w i t h water, 
f i l t e r e d and d r i e d . R e c r y s t e l l i s a t i o n from c h l o r o f o r m 
a f f o r d e d the fav/n c r y s t a l s of the hydrazone, i n 78% y i e l d , 
w i t h a m.p. 153-4^0 ( L i t ^ l 53-4°C), T L C ,Rf 0.48 ; 
I n f r a r e d C=N 1581 , NH 1404 cm"\ M'^'l95 (appendix 1.29), 
p r o t o n KiWR (,appendix I I . 5 ) ; 13-C WMR (appendix I I I . 4 ) . 
Attempted r e d u c t i o n of 5Ji-indeno 1,2-b pyridine-5-one (8) 
u s i n g Huang-minlon m o d i f i c a t i o n of the W o l f f - K i s h n e r 
reduction'^^-^. 
The ketone ^8) , (4.55g ; 25 mmol), t r i e t h y l e n e g l y c o l 
V25ml) and potassium hj^droxide (3.25g) were placed i n a RBF, 
Hydrazine hydrate (5ml ;B3%) was added and the mixture was 
r e f l u x e d f o r 45 minutes. 
The comdenser wes removed end equiped f o r d i s t i l l a t i o n . 
The l o w - b o i l i n g m e t e r i a l (112*^0) was d i s t i l l e d o f f u n t i l 
the temperature rose t o 175-80*^0.The r e f l u x condenser wes 
r e - f i t t e d and the s o l u t i o n was heated under r e f l u x f o r 3 
hours.The aqueous d i s t i l l a t e was combined w i t h the r e a c t i o n 
m i x t u r e ( b l a c k i n c o l o u r ) , and was e x t r a c t e d v / i t h d i e t h y l 
e ther (3 x 10ml) which also turned bleck i n c o l o u r . 
Separate l a y e r s could not be seen.The e t h e r l a t e r v/as 
removed by p i p e t t e from the t o p of the s e p a r a t i n g f u n n e l , 
and v/as v/ashed w i t h v/ater t o remove any u n t r e a t e d hydrazine. 
The e t h e r l a y e r was rot o r - e v a p o r a t e d t o dryness t o e f f o r d a 
pale fav/n s o l i d , r e c r y s t a l l i s e t i o n from toluene/methanol 
gave white c y s t a l s of the unexpected e l c o h o l : ( ^ ) ' 
5-hydroxy->5Ji-indeno["l, 2-b] p y r i d i n e (208) i n 20^- y i e l d , v/hich 
had m.p. 150-2^0 (Lit'^'^l50-2°C), T L C ,Rf 0.27 ; I n f r a r e d 
0 OH 3568 , 3148 cm"''; P^'*"l83 a p p e n d i x 1.28) ; p r o t o n 
NMR (appendix I I . 4 );13-C M^R ^appendix I I I . 5 ) . 
16^ 
The attempted r e d u c t i o n of 5H-indeno 1,2-bjpyriQine-5-one 
(8) using t r i e t h y l s i l a n e ^TES)"^^^. 
5H-rndeno 1, 2-b pyridine-5-one (,8), U00mg;0. 55mmol) 
was d i s s o l v e d i n t r i f l u o r o a c e t i c a c i d (624mg ;0.54mmol} 
and tetrachloromethane (1ml) i n a RBF«At 45°C , 
TES (140mg ; 1.19 mmol) was edded over 15 minutes.. 
A f t e r t w e ntyfour hours , the s o l u t i o n was cooled end 
s a t u r a t e d sodium hydrogen carbonate (5ml) was edded.The 
mixture was e x t r a c t e d w i t h e t h y l acetate v3 x 5 ml) and 
the " e x t r a c t s were d r i e d . The combined e x t r a c t s were r o t o r -
evaporated t o dryne.ss l e a v i n g a pale yellov; s o l i d , which 
was c o l l e c t e d and d r i e d . 
The s o l i d had a m.p. 139-141*^0 which remained unchanged on 
admixture v;ith a u t h e n t i c 5H-indeno 1,2-b pyridine-5-one ( 8 ) . 
The s t a r t i n g ketone v/as recovered i n 56^ - y i e l d . 
R e p e t i t i o n of the above experiment gave the s t a r t i n g m a t e r i e l 
recovered i n 78^^ y i e l d . 
The attempted r e d u c t i o n of fluorenone ^216) u s i n g TES^^^. 
Fluorenone C2.0g ; llmmol) was d i s s o l v e d i n t r i f l u o r o a c e t i c 
a c i d (12.48g ; 10.8mmol) and tetrachloromethane U m l ) . 
TES (2.8g ; 23.8 mmol) was added over 15 minutes, a f t e r 
a d d i t i o n was complete, the s o l u t i o n was s t i r r e d at 45*^ C 
f o r 24 h o u r s . A f t e r c o o l i n g , a pink p r e c i p i t a t e was obtained 
which d i d not d i s s o l v e on a d d i t i o n of s a t u r a t e d sodium 
hydrogen carbonate UOOml). The p r e c i p i t a t e was removed 
by f i l t r a t i o n and r e c r y s t a l l i s e c from ethanol t o a f f o r d the 
wh i t e c r y s t a l s o f 9 , 9 ' * b i f l u o r e n y l {17%) which had m.p. 
246 C (j.it''^^246*^C); T L C ,Rf 0.77 ; I n f r a r e d .0 C-H s t r 
3014 , 3037 ,iC"-C s t r 1448 cm"''; M'^ *330 (appendix 1.30); 
1^0 
p r o t o n WI)/IR (.appendix I I . 6 ; . 
5H-^ndeno 1j2-b| p y r i d i n e (4) 
Fo l l o w i n g the method o f C h a t t e r j e a and Prasad^^, 
5H-indeno 1,2-b pyridine-5-one (0.4g ; 2.2mmol) and red 
phosphorus (0.8g) were r e f l u x e d t o g e t h e r i n h y d r o i o d i c 
a c i d ^20ml) f o r 7 hour s . A f t e r t h i s time the r e a c t i o n was 
stopped and cooled, white needles of the hydroiodide o f 
5H-indeno 1,2-b pyridine-5-one separated o u t . 
The c r y s t a l s t o g e t h e r w i t h unreacted phosphorus v/ere 
c o l l e c t e d and d i s s o l v e d i n hot v/eter ( t h e red phosphorus 
which d i d not d i s s o l v e v/as c o l l e c t e d by f i l t r a t i o n ) . 
The aqueous s o l u t i o n was made a l k a l i n e w i t h IlaOH (.6ml, 6M) 
end white c r y s t a l s appeared. The s o l u t i o n was cooled on en 
i c e - b a t h and the c r y s t a l s were c o l l e c t e d end d r i e d . 
R e c r y s t a l l i s a t i o n from e t h e r a f f o r d e d pure 5Ii-lndeno 1,2-bJ 
p y r i d i n e (4),(78fO which had m.p. 93-5^C (Lit^^93-5°C) ; 
T L C ,Rf 0.17 ; I n f r a r e d ^^-H 3399 ,5C-H s t r 3037 ,2998 
cm-^aromatic) ,^ C-=C s t r 1567 cm'''; M"^*l67 (appendix 1.31) 
p r o t o n NIVIR (appendix I I . 2 ) ; 13-C KMR (appendix I l l . t ) . 
F o l l o w i n g the method of DuPriest et a l ^ ^ , 5H-indeno 1,2-bj 
p y r i d i n e (.8),(2.5g ; Hmmol) end hydrazine hydrate (2.7 ml) 
i n diethyene g l y c o l (90ml) was heated t o 180*^ C and 
maintained at t h i s temperature f o r 4 hours. 
A f t e r c o o l i n g t o room temperature, the mi x t u r e was poured 
i n t o water (250ml) and b r i n e (50ml) and e x t r a c t e d w i t h 
e t h y l acetate ( 3 x 50ml). The combined e x t r a c t s v/ere 
washed w i t h water v2 x 50ml),dried end concentrated t o 
leave a s o l i d product.. R e c r y s t a l l i s a t i o n ( e t h e r ) a f f o r d e d 
pure 5U-indeno 1,2-b]pyridine (&9%) w i t h m.p. 93-5°C' 
ait^^93-5°C); T L C ,Rf 0.17 ; I n f r a r e d il J - H 3399 , 
C-H s t r 3037 , 2998 ,iC-C s t r 1567 cm"'*; Mti67 ^appendix 
1.31); p r o t o n mm ^appendix I I . 2 ) ; 13-c UIvlR (.appendix . 
I I I . 1 ) . 
Attempted p r e p a r a t i o n of 5-hydroxy-5-propyl"indeno 1,2-b -
p y r i d i n e (218). 
A l l the apparatus v/as d r i e d at > 120°C.Diethyl ether v^as 
also d r i e d (Ka wire).The magnesium s t r i p was scraped and 
washed i n dry e t h e r and t r a n s f e r r e d t o an oven at 120^0 
f o r 30 minutes.The apparatus was »set-up» hot and under dry 
nitrogen.These were the standard p r e c a u t i o n s taken before 
any Grignerd r e a c t i o n was c a r r i e d out. 
Magnesium t u r n i n g s (HOmg ; 5.7mmol; were placed i n a RBF 
c o n t a i n i n g e t h e r (10ml; end e magnetic f l e e . The s o l u t i o n 
was s t i r r e d r a p i d l y , a c r y s t a l of i o d i n e and a few drops of 
e s o l u t i o n of bromopropane v6l5mg i n d i e t h y l ether (10ml)) 
were added t o i n i t i a t e Grignard formation.Once s t a r t e d 
(cloudy p r e c i p i t a t e ) , the remaining bromopropane s o l u t i o n 
v/as added and the s o l u t i o n was r e f l u x e d u n t i l e l l the 
magnesium had been consumed. The r e a c t i o n mixture v/es then 
cooled on an i c e - b a t h , and a s o l u t i o n of 5H-indeno 1,2-b -
pyridine-5-one (750mg ; 4 mmol) i n ether (20ml) was added. 
The s o l u t i o n , which turned v i v i d pink i n c o l o u r , was 
g e n t l y r e f l u x e d f o r 4 hours. The s o l u t i o n was then cooled; 
ice-v;ater (10ml) and s a t u r a t e d ammonium c h l o r i d e (lOml) 
were added t o the m i x t u r e , which turned t o a c l e a r orange 
colour.The aqueous l a y e r was removed and v/ashed w i t h e t h e r 
(3 X 15ml). 
The e t h e r e x t r a c t s v/ere combined end d r i e d , the s o l u t i o n 
v/as rotor-evaporated to l e a v e e s t i c k y s o l d , which was 
r e d i s s o l v e d i n ethanol and rotor-evaporated to dryne s s . 
The s o l i d was d r i e d and r e c r y s t a l l i s e d from toluene to 
give the s t a r t i n g m a t e r i a l i n 53 y i e l d . The s o l i d had 
m.p. 141-2°C v^hich remained unchanged v/hen mixed with 
a u t h e n t i c m a t e r i e l . I n f r a r e d ; ^ C=0 1724 cm"^ ; 
'f-L C ,Rf 0.25 . 
T h i s experiment v;as repeated s e v e r a l times. As w e l l es the 
standard p r e c a u t i o n s being s t i c t l y adhered to, the 
1-bromopropaiie was r e d i s t i l l e d before each use (bp 69-72°C), 
and the s t a r t i n g ketone (8 ; was r e c r y s t a l l i s e d t w i c e from 
toluene. 
I n each case , the s t a r t i n g ketone (8) was recovered i n 
y i e l d s between 50 - 70%. 
r r e p a r a t i o n of S-hydroxy-^g-propylfluorene (219) 
Standard p r e c a u t i o n s were taken before the r e a c t i o n 
commenced. The procedure was i d e n t i c a l to t h a t above except 
the ketone ,fluorenene (216) ( I . B g ; lOmmol) was used. 
The amounts of magnesium t u r n i n g s end bromopropane were 
a l t e r e d a c c o r d i n g l y . 
The r e a c t i o n time was extended to 21 hours. 
T L C of the crude product i n d i c a t e d f i v e products 
i n c l u d i n g the s t a r t i n g m a t e r i a l * Repeated f l a s h 
chromatography, u s i n g e l u e n t 80% petroleum s p i r i t ( 4 0 - 6 0 ) / 
20^ ^ d i e t h y l e t h e r , gave the d e s i r e d a l c o h o l and some 
s t a r t i n g m a t e r i a l . R e c r y s t a l l i s a t i o n from petroleum s p i r i t 
(40-60°C) affor d e d a pale y e l l o w s o l i d . Mass spectrometry & 
i n f r a r e d examination of t h i s s o l i d i n d i c a t e d the presence 
of both the d e s i r e d a l c o h o l end the s t a r t i n g m a t e r i a l o 
1 9 5 
F u r t h e r f l a s h chromatography gave a s m a l l amount of the 
d e s i r e d a l c o h o l and 6(K r e c o v e r y of the s t a r t i n g ketone (216) 
The a l c o h o l : 9-hydroxy-T -9-propylfluorene was obtained i n 
poor y i e l d and had m.p. 110-112^0 ; T L C.,Rf 0.58 ; 
I n f r a r e d D OH 3306 cm"'*; M"*" 224 (appendix 1,32) ; proton 
mm (appendix I I . 7 ) . F o u n d : C, 85.67 ; H, 7.1.7 %. 
C^^H^gO r e q u i r e s C, 85.72 ; H , 7.14 %. 
P r e p a r a t i o n of 9-.butyl -9 r.hydroxyfluorene (219)* 
The standard G r i g n a r d r e a c t i o n method was fo l l o w e d . 
Fluorenone ( 2 l 6),(1,8g ; lOmmol) and bromobutane (1 . 5 g ; 
llmmol) were used, R e c r y s t a l l i s a t i o n of the f i n a l product 
from toluene a f f o r d e d a s m a l l amount of the d e s i r e d 
a l c o h o l (2%), which had m.p. 106 - 8°C ; T L C,Rf 0 .51 ; 
I n f r a r e d .C>OH 3336 cm"% M"^*238 (appendix 1.3 3 ) .There was 
i n s u f f i c i e n t sample f o r WiH and elemental a n a l y s e s . 
Attempted p r e p a r a t i o n of 5-butyl*^5'-iiydrogy'-indeno |^ 1, 2-b| -
p y r i d i n e ( 2 2 0 ) . 
T h i s experiment follov^ed the g e n e r a l G r i g n a r d c o n d i t i o n s . 
5H-indeno ^  , 2-bJ p y r i d i n e - 5 - o n e (1.0g ; 5.5nimol) and 
bromobutane ^.756mg ; 5.5mmol) were used. 
The r e a c t i o n was 'v/orked-up» as before and r o t o r e v a p o r a t i o n 
a f f o r d e d a s t i c k y orange s o l i d . 
The s o l i d was d i s s o l v e d in^DCM and preabsorbed onto 
s i l i c a and p l a c e d on a s i l i c a column ready f o r f l a s h 
chromatography.Elution w i t h petroleum s p i r i t (bp 40-6£)*^C) 
55^ / e t h y l a c e t a t e 45?^ , gave a sample c o n t a i n i n g both the 
d e s i r e d a l c o h o l and some s t a r t i n g m a t e r i a l . 
R e c r y s t a l l i s a t i o n from e t h a n o l gave 20^^ r e c o v e r y of the 
s t a r t i n g m a t e r i a l Imp 140-2°C.Lit'^'^ 1 4 0 - 2°C); I n f r a r e d 
0 0 = 0 1724 cm""*. 
Rot o r - e v a p o r a t i o n to dryness of the f i l t r a t e gave the 
a l c o h o l s t i l l contaminated w i t h s t a r t i n g m a t e r i a l , as 
i n d i c a t e d by mass s p e c t r a l examination (appendix I . 3 3 i ) . 
S e p a r a t i o n of fluorenone (216) and 9-hydroxyfluorene 
u s i n g G i r a r d s - T reagent« 
Pluorenone ( 2 , 0 g ) and 9-hydroxyfluorene C 2 . 0 g ) were 
d i s s o l v e d i n e t h a n o l c o n t a i n i n g 10; a c e t i c a c i d (45ml) and 
were heated f o r 1 hour w i t h G i r a r d s - T reagent ( 4 . 5 g ) i n 
s l i g h t e x cess ( g i v i n g a 10?5 s o l t i o n of the reagent.) 
The cooled s o l u t i o n was d i l u t e d w i t h water c o n t a i n i n g 
enough a l k a l i (10o8ml ; 6M NaOH) to n e u t r a l i s e 90^ of the 
a c i d and to g i v e an a l c o h o l content.of 20% (180ml of water 
was added).A s o l i d immediately s e p a r a t e d out ,the hydrazone 
d e r i v a t i v e , and was c o l l e c t e d . T h e f i l t r a t e was e x h a u s t i v e l y 
e x t r a c t e d w i t h e t h e r to remove noh-ketonic compounds i e . , 
the d e s i r e d a l c o h o l . 
The e t h e r f r a c t i o n s were c o l l e c t e d and d r i e d . R o t o r -
e v a p o r a t i o n to dryness a f f o r d e d a p a l e yellov/ s o l i d v;)iich 
proved to be the d e s i r e d a l c o h o l , 9-hydroxyfluorene (by 
T L C w i t h a u t h e n t i c m a t e r i a l ) , i n 30% y i e l d . 
Attempted s e p a r a t i o n of ( 8 ) and 5-butyl - 5-hydroxy-indeno-
1,2-b p y r i d i n e 1.220) 
The orange s o l i d obtained, when the r e a c t i o n between ( 8 ) 
and bromobutane was worked-up,was t r e a t e d w i t h "Girards-T 
n 5 
A f t e r h e a t i n g f o r 1 hour, the cooled s o l u t i o n a f f o r d e d a 
s o l i d which was c o l l e c t e d by f i l t r a t i o n . By comparison of 
melt i n g p o i n t s t h i s s o l i d proved to be unreacted G i r a r d s - T 
reagent (mp 188-192^0). 
un a d d i t i o n of a l k a l i to the f i l t r a t e , a second s o l i d 
s eparated out which proved by T L C and I n f r a r e d 
examination to be a mixture of the s t a r t i n g ketone {&) 
and the d e s i r e d alcohol.The r e s u l t i n g f i l t r a t e (obtained 
a f t e r removal of the second s o l i d ) was e K t r a c t e d w i t h 
e t h e r . Rotor-evaporation of the combined f r a c t i o n s gave a 
t h i r d s o l i d , which by T L C and I n f r a r e d examination 
proved to be a mixture of the s t a r t i n g ketone (8) and 
the a l c o h o l (22O).(0C=O 1715 cm"'' , 5 OH 3305 cm"''.) 
9-Hydroxy^9'Phenylfluorene (223)• 
The Urignard r e a c t i o n beti/veen fluorenone tl.Og ; 5.5mmol) 
and bromobenzene (0.444g) was c a r r i e d out u s i n g the 
standard method, except THP was used as s o l v e n t . 
V/ork-up of the r e s u l t i n g s o l u t i o n a f f o r d e d a s o l i d , v/hich 
when r e c r y s t a l l i s e d from ethanol a f f o r d e d the d e s i r e d 
a l c o h o l : 9-hydroxy-'9-phenylfluorene (57%) ^  which had 
m.p. 106 -7°C (Lit''^^106-7°C); I n f r a r e d 0 OH 3399 cm"'' ; 
M'^ *258 ^appendix a.34 ) : T L C ,Rf 0.47. 
5-%droxy-5-phenylindeno 1,2-b p y r i d i n e {222) 
The above experiment v/es repeated u s i n g the ketone (8) , 
U.Og ; 5.5 mmoD.A yel l o w s o l i d was obtained a f t e r r o t o r -
e v a p o ration which had s e v e r a l products, as evidenced by T L C 
examination. 
Mb 
P u r i f i c a t i o n , s e v e r a l times , by f l a s h chromatography 
with e l u e n t petroleum s p i r i t vbp 60-80°C) ^0% / e t h y l 
a c e t a t e 50%, gave a r e s u l t i n g s o l i d which contained both 
the a l c o h o l (222) and the s t a r t i n g m a t e r i e l (8) which 
could not be sepa r a t e d . 
The experiment was repeated, except r e f l u x was continued 
f o r 10 hours. Work-up and attempted p u r i f i c a t i o n by f l e s h 
chromatography gave the same r e s u l t . 
The above experiment was repeated u s i n g the s o l v e n t THF, 
i n s t e e d of et h e r . Again, work-up end p u r i f i c a t i o n by 
f l a s h chromatography gave s i m i l a r r e s u l t s . 
I n the above experiments, the product f i n a l l y obtained 
proved to be a mixture of the s t a r t i n g m a t e r i a l amd 
d e s i r e d a l c o h o l (222).These could not be separated 
s u f f i c i e n t l y to give good r e s u l t s by p u r i f i c a t i o n u s i n g 
f l e s h chrometography , as the Rf v a l u e s were v e r y c l o s e 
together . 
It-Avas found, on p r e p a r i n g asp.mple f o r T L C , tha t the 
pure ketone d i s s o l v e d i n BClfi whereas the a l c o h o l did not.' 
Thus p u r e l y by a d i f f e r e n c e i n s o l u b i l i t y , the pure 
a l c o h o l v/as obtained. 
5-H yQroxy^5-pbenylindeno 1,2-b p y r i d i n e (222) v/as 
— — ^ ™ •—• ' " 
obtained i n 35% y i e l d i n the f i r s t e x p e r i m e n t . I n c r e a s i n g 
the r e a c t i o n time i n c r e a s e d the y i e l d to 53%«Changing the 
s o l v e n t t o THP gave the a l c o h o l i n 505i y i e l d . 
The a l c o h o l (222) had m.p. . 218-220°C ; T L C ,Rf 0.25; 
I n f r a r e d OUH 3138 cm"'' ; M'^ '259 (appendix 1.35) ; proton 
f]r.1R (appendix I I . 8 ) ; 13-C NMR (appendix I I I . 6 ) . Pound : 
C 82.94 ; H,5.22 ;W,5.64%.C^gH^2NO r e q u i r e s C 83.40 ; 
H 5-02 ; N, 5.40% . 
511-1 ndeno[l, 2-b]pyridine-5-one oxime (22.^) 
The oxime was prepared u s i n g the method of Herwood end r.ioodyj^^ 
5H-indeno 1,2-b pyridine-5-one (1.18g ;6.5mmol) was d i s s o l v e d 
i n ethanol (20ml).To t h i s was added hydroxylamine 
h y d r o c h l o r i d e (1.22g 17.5 mmol) and sodium a c e t a t e 
t r i h y d r e t e (2.38g ;17.5mmol) v;ere d i s s o l v e d i n warm water n5ml). 
'i'he mixture was r e f l u x e d f o r 20 minutes and the hot s o l u t i o n 
was r a p i d l y f i l t e r e d . T h e f i l t r a t e was cooled on an i c e - b a t h 
and the c r y s t a l l i n e product which separated out was 
c o l l e c t e d and d r i e d . 
R e c r y s t e l l i s a t i o n from ethanol a f f o r d e d the cream c r y s t a l s 
of 5ji-indeno 1,2-b] pyridine oxime j.n 63^ ^ y i e l d . The oxime 
had a m.p. 244-6*^C ( L i t * * 244-5°C ) .T.L u ;Rf 0.13 ; 
I n f r a r e d ;>0H 3443 cm"^ , OC=u ,OC=N 1594 , 1575 cm"\ M"*"'l96, 
(Appendix 1.36 ) ; proton WM (Appendix I I . 9 ) ; 13-C NIVIR 
(Appendix I I I . 7 ) . 
5H-I.ndeno [^, 2-b|pyridine-5-one 4-chlorobenzyloxime. ( 2 ^ ) , 
The experiment was c a r r i e d out as f o r the ebove oxime 
except 4-chlorobenylamine h y d r o c h l o r i d e (2.2g ; 9.625mmol) 
v/as used and the r e a c t i o n mixture was r e f l u x e d f o r 30 minutes. 
R e c r y s t a l l i s a t i o n of the r e s u l t i n g s o l i d p r e c i p i t a t e 
a fforded 5H-'indeno f l > 2-bl pyriQine-5-one 4-chlorobenzyloxime 
i n 68% y i e l d , which had a m.p. 96-7°C. T L C ;Rf 0.62 ; 
I n f r a r e d DC=C,U=N l608 , 1581 cm"'' ; M"*"' 320 (Appendix 
I . 3 7 ) , proton mm (Appendix i l . 10 ) , 13-C NMR 
(.Appendix I I I . 8 ) . Pound : C,-64.47% ; H, 8.73 ; 
W, 4.24 Cji^^^l^2^^'^ r e a u i r e s C 71.25^^ , H 4.06 % , 
N 8.75 % . 
5H-indeno [l ,2-b pyriQine-5-one 2,4-dichlorobenzyloxime (iZJb ). 
The oxime was prepared a c c o r d i n g to the above method except 
2,4-dichlorobenzylemine h y d r o c h l o r i d e (1.86g ; 9.625nimol; 
was u s e d . A f t e r 30 minutes the hot s o l u t i o n was f i l t e r e d end the 
f i l t r a t e was cooled i n an i c e - b a t h . The c r y s t a l s which 
separated out were c o l l e c t e d end d r i e d . R e c r y s t a l l i s a t i o n 
from ethanol afforded 5H'indeno [l ,2-b] pyridine-5'One 
2,4-dichlorobenzyloxime i n 91*^  y i e l d , v;ith a m.p. 11B-120°C. 
T L C ; Rf 0.66 ; I n f r a r e d OC=C,C=N 1591 , 1566 cm"''; 
354 (Appendix 1.38 ) ; proton NMR (y^ppendix 11.11 ) ; 
13-C miR (Appendix I I I . 9 ) . Pound :C 62.8K. ; H 3.55^ -^ ; 
7.86 % . C^gH^2^2^Cl2 r e q u i r e s C 64.41 , H 3.39^o , 
N 7.91%. 
9-Fluorenone oxime ( 2 ^ 7 ) 
The oxime was prepared u s i n g the method of Harwood end 
Ivioody 9-f luorenone (I.Og ; 5.5mmol) was d i s s o l v e d i n 
ethanol (20ml).To t h i s was added hydroxylamine h y d r o c h l o r i d e 
^0.67g ; 9.6mmol) and sodium a c e t a t e t r i h y d r e t e (0.75g ; 
5.5mmol) d i s s o l v e d i n warm water (15ml).After r e f l u x i n g f o r 
20 minutes, the hot s o l u t i o n v/as f i l t e r e d , the f i l t r a t e being 
cooled i n an i c e - b a t h , The s o l i d v;hich separated out v/as 
c o l l e c t e d and d r i e d . R e c r y s t a l l i s a t i o n from ethenol afforded 
9-fluorenone oxime i n 84% y i e l d , which had a m.p. 196-7°C, 
(lit'®"*196-7°C ) ; T L C ;Rf 0.17 ; I n f r a r e d i OH 3400 cm"'*; 
Ivl***' 195 (Appendix 1.39 ) ; proton NM (Appendix 1 1 . 1 2 ) -
6rPhenanthridone (OZg ) , 
IQ3 
Based on a method of Vogel, g-fluorenone oxime ( 2«0g ; 10.25 
mmol) was added to polyphosphoric a c i d (60g).The r e a c t i o n 
mixture was s t i r r e d at 175°C f o r 15 minutes.The s o l u t i o n was 
cooled to 80°C and then s t i r r e d i n t o c o l d water (300ml).The 
s o l i d which separated out v/as f i l t e r e d , washed ( c o l d water, 
3 X 50ml) and d r i e d at 100°C. R e c r y s t a l l i s a t i o n from ethanol 
afforded 6-phenanthridone 83^ y i e l d , w ith a m.p. 290-2^0, 
Lit290-2°C? T L C . ;Rf 0.42 ; I n f r a r e d ^mide I & I I , l 6 5 0 ,1665 
ONH 3200 , ,iC=0 1680 cm"*\ I'/l'^ *195 (appendix I . ) . 
Attempted Beckmann rearrangement of 5H-indeno 1 , 2 - b ] p y r i d i n e -
5'one oxime ( 3.z^). 
a) To polyphosphoric a c i d (lOg) was added the oxime (I.Og ; 
5 mmol).The mixture was heated on a b o i l i n g v/ater bath f o r 10 
minutes, with continuous s t i r r i n g . 
The mixture was poured onto crushed i c e (20g) and s t i r r e d . 
However, no amide p r e c i p i t a t i o n was observed. The s o l u t i o n was 
made b a s i c w ith I^aOH to pH 7 and a white p r e s i p i t a t e 
appeared which was c o l l e c t e d and d r i e d . 
The s o l i d had a m.p. of > 340°C ; I n f r a r e d 0C=O I636 , 
SJM-H 3200 cm"\No amide I & I I absorptions.M"*"* 196 (appendix 
1.41 ) . 
b)the above experiment was repeated a t higher temperatures of 
120^0 and 180°C ( o i l bath) f o r 20 minutes. I n both c a s e s 
the s t a r t i n g oxime (224) v/as recovered i n approximately 60"^ ^ 
y i e l d , as confirmed by m.p. (no change on admixture with 
a u t h e n t i c oxime) and I n f r a r e d O O H 3443 ,JC=C , 5C=W ,1594 , 
1575 cm*''. 
200 
c ) t h e above experiment was repeated a t 120°C f o r extended 
p e r i o d s of time, namely 3 0 minutes and 1 hour. 
I n each case the s t a r t i n g oxime (224) v;as r e c o v e r e d i n 
approximately 70% y i e l d , as confirmed by m.p. and i n f r a r e d . 
5-Acetamido-5H-indeinori.2-b]pvridin6<230) 
Using the method ofPetrow. e t al*^"^, 5ii-indeno | _ 1,2-b p y r i d i n e -
5-one oxime (224),(350mg ; 1.78mmol),anhydrous sodium a c e t a t e 
(350mg) i n a c e t i c anhydride (3.5g) was t r e a t e d w i t h Zrinc 
dust l.700mg) added p o r t i o n w i s e . A f t e r a d d i t i o n was complete, 
the mixture was heated under r e f l u x f o r 1 hour, f i l t e r e d hot 
and the f i l t r a t e was poured i n t o i c e - w a t e r (16ml).The s o l u t i o n 
was made a l k a l i n e (aq NaOH) and the p r e c i p i t a t e which s e p a r a t e d 
out was c o l l e c t e d and d r i e d . R e c r y s t a l l i s a t i o n from e t h y l 
a c e t a t e a f f o r d e d the pure amide : 5-/Ncetamido-5Ji-indeno|"l »^-^ 
- p y r i d i n e (64%),which had m.p. 238-40^0 ; T L C ,Rf 0.42 ; 
I n f r a r e d 0 N-H 3265 , Amide I , I I 1643 , 1542 cm"''.M"^ '224 
(appendix 1 . 5 3 ) ; proton .NMR (appendix 1 1 . 1 3 ) ; 13-C (appendix 
I I I . 1 0 ) . F o u n d : C 75.27 ; H, 5.39 ; N, 12.75%. 0^^n^2^2^ 
r e q u i r e s C, 75.00 ; H, 5.36 ; N, 14.28 %. 
2,4-DNP d e r i v a t i v e of 5ji-indeno[1 „2-b] pyridine-5-one ( 2 3 1 ) . 
2 , 4 - d i n i t r o h y d r a z i n e (0.25g) was suspended i n methanol(5ml) 
and c o n c e n t r a t e d H2S0^ (0.45ml) was added c a u t i o u s l y . The 
warm s o l u t i o n v/as . f i l t e r e d and a s o l u t i o n of the ketone ( 8 ) , 
( 0 . 1 5 g ; 0o8mmol) i n methanol (2 ml) v/as added.The s o l u t i o n . 
was cooled and a b r i g h t orange p r e c i p i t a t e s e p a r a t e d out,which 
was washed v/ith c o l d methanol and d r i e d . R e c r y s t a l l i s a t i o n from 
ethanol a f f o r d e d 5iL-indeno 1 , 2-b| p y r i d i n -5-one .2,4-dinitrophenyl 
hydrazone ( 6 0 % ) , w i t h m.po 262-4°C ; T L C ,Rf 0 o 5 4 ; 
OOI 
I n f r a r e d N-H s t r 3436 ,ON-0 s t r 1616 , 1499 cm"'' ; M"^'36I 
(appendix 1.54). 
7-:bromo-5II-indeno|ji ,2-b| pyridine-5-one(233) 
F o l l o w i n g the method of Ivllochowski and S z u l c ^ ^ , to a s o l u t i o n 
of 5H-indeno 1,2-b pyridine-5-one (0.91g ;5 rnmoDin H^SO^ 
(75ml ,70^ v/v) heated to 45-50°C was added NBS ( 5 mmol) 
portionwiee over 30 minutes. Vigorous s t i r r i n g was maintained 
throughout a d d i t i o n and f o r a f u r t h e r hour w h i l s t the 
temperature was maintained a t 45-50°C.The r e a c t i o n mixture 
was poured i n t o water .(200mlJ and made a l k a l i n e w i t h aq NH^. 
The s o l i d which p r e c i p i t a t e d out was c o l l e c t e d and d r i e d . 
R e c r y s t a l l i s a t i o n from ethanol afforded (233) i n 85'^ * y i e l d , 
which had m.p. 157-9^0 (Lit ' * ^ 158-9^0); T L U ,Rf 0.76 ; 
I n f r a r e d 0C=O 1717 cm""^  ; Ivi"*"259/261 (appendix 1*42) ; 
proton NTviR ( a p p e n i i x 11.14): 13-C NP;IR (appendix I I I . 1 1 ) . 
7, 9"Eibromo-5Ji-indeno[^1,2-b^pyridine-5-one (234). 
The method i s the same as ebove except t h a t b 2:1 r a t i o 
between the NBS and the ketone (8) was used . HBS(5 mmol) 
was added with vigorous s t i r r i n g to the ketone ( 8 ) , (2.5mmol), 
f o l l o w i n g the -method of K'Hochowski and S a u l c ^ ^ . 
R e c r y s t a l l i s a t i o n from ethenol afforded the dibromo- compound 
^234) i n 48^ 0 y i e l d , w i t h m.p. 210-12^0 (Lit''^211-2^0); T L C , 
Rf 0.94 ; I n f r a r e d C=0 1722 cm"'' ; M""* 337/339/341 (appendix 
1^43); protonNIvIR- (appendix 11.15); 13-C mm (appendix I I 0 I 2 ) . 
Dibromo- and Tribromo - 5 j i-indeno 1,2-b p y r i d i n e ( 2 3 5 , 2 3 6 ) . 
Using a s i m i l a r method to t h a t above, 5E-indeno 1,2-b-
p y r i d i n e (4) v/as r e a c t e d w i t h NBS i n a 1:1 r a t i o . 
A s t i c k y s o l i d was c o l l e c t e d which c o u l d not be p u r i f i e d 
by TLC. D i s s o l u t i o n i n DCM p r o v i d e d a sample 
f o r mass s p e c t r a l examination which i n d i c a t e d the presence ' 
of a dibromo- compound ( 2 3 5 ) , (appendix 1.44). 
When (4) was r e a c t e d with fiBS i n a 1:2 r a t i o , a s t i c k y 
s o l i d was a g a i n c o l l e c t e d , which c o u l d not be p u r i f i e d . b y TLC 
Mass s p e c t r a l examination i n d i c a t e d the presence of a t r i -
bromo- compound (236),(appendix 1,45). 
Fur:ther bromination of 5H-indeno[j, 2-b p y r i d i n e ( 2 3 7 ) 
5H-lndeno 1,2-b p y r i d i n e ( 0 o 5 g ;2,99nimol) was d i s s o l v e d i n 
a s o l u t i o n of 70^ ,^ v/v H2S0^ (75ml), heated to 45 - 5 0 ^ 0 . T o 
t h i s was added Ni3S (1.86g ; 3 . 5 mol e x c e s s ) over 3 0 minutes 
w i t h vigorous s t i r r i n g . The s o l u t i o n was heated a t t h i s 
temperature f o r 1 hour.The r e a c t i o n mixture was poured 
i n t o water (200ml) and made a l k a l i n e (aq NH^).The s o l i d 
p r e c i p i t a t e was c o l l e c t e d and d r i e d r e c r y s t a l l i s a t i o n from 
e t h e r a f f o r d e d 6 ,7»8,9-tetrabromo-5H-indenoH 12-b1 p y r i d i n e i n 
62% y i e l d w i t h a mop. 209-211^0. T L C ,Rf 0.45 ; M ' ^ * 4 7 9 / 
481/483/485 (appendix 1.46); proton NMR (appendix I X . 1 6 ) ; 
1 3 - C WMR (appendix I I I . 1 3 ) , ( a p p e n d i x I I I • 1 4 ) . P o u n d C , 3 3 . 1 5 ; 
N, 3.02 ; B r 59.37%. C^2^5^^^4 J^eq^ires C 3 0 . 0 6 ; N, 2 . 9 3 ; 
Br 6 5 . 9 7 % . 
Z03 
7-Nitro-5H-indeno fl, 2-bl pyridine-5-one ( 238 ) . 
r o l l o w i n g the method of P e t r o w 5 H - I n d e n o 1,2-b] p y r i d i n e -
5-one (420mg ; 2.3nimol) was d i s s o l v e d i n s u l p h u r i c a c i d (2.5ml) 
Maintaining the temperature at 0°C, potassium n i t r a t e (250mg) 
was s l o w l y added. 
Once a d d i t i o n was complete, the mixture v;as r e t u r n e d to 
o r d i n a r y temperature (room temp.) and was heated on a b o i l i n g 
water bath (73°C) f o r 1 hour. 
The s o l u t i o n was cooled and poured onto i c e , then made 
a l k a l i n e with ammonia. The p r e c i p i t a t e obtained vi^ as 
r e c r y s t a l l i s e d from ethenol to a f f o r d 7-nitro-5H-indeno-
[l, 2-b| pyridine-5-Qne i n 78^ y i e l d , w ith a m.p. 174-6*^0. 
T L C ; Rf 0.55 ; I n f r a r e d 5C=0 1726 cm"\ I^NO^ 1583 , 1533 
cm'^ ; M**"* 226 (Appendix 1.47 ) , proton W^ TR" (Appendix i l . 1 7 ) 
13-C NIvlR (Appendix I I I . 15 Found C, 63.39'^S H, 2.65% ; 
12.14^. C^2^6^^2^^ r e q u i r e s C 63.72^^- ; H, 2.65 % ; M. 12.39% 
7-IUtro-5Ji-indeno pi ;-2-bJ p y r i d i n e v 239 ) . 
5H-Indeno [ l,2-bJpyridine (0.5g , 2.99:.mmol) was d i s s o l v e d i n 
s u l p h u r i c a c i d 0.25ml) and t r e a t e d as above. (At 0*^ 0 , 
potassium n i t r a t e (0.325g) was s l o w l y added p o r t i o n w i s e ) . 
Unen the s o l u t i o n was cooled and made a l k a l i n e , purple 
c r y s t a l s immediately separated out. R e c r y s t a l l i s a t i o n from 
dichloromethane a f f o r d e d pure 7-nitro-5ii-indeno Fl, 2-b"| p y r i d i n e 
i n 61.5% y i e l d , w i t h a m.p. 144-6°C. T L C ; Rf 0.47 ; 
I n f r a r e d 5NO2 1522 , 1342 cm"^ ; r^ "**' 212 (Appendix 1.48 ; 
proton mm (Appendix 11.18 ) ,13C KHIR (appendix I I I . 1 6 ) 
Found ,0,67.34^-; H,3.45 % N, 13.28 %• ^12^8^2^2 ^ e ^ ^ i r e s : 
C 67.93% ; H, 3.77% ; 13.21 
Attempted r e d u c t i o n of 7-nitro-5H-indeno [l ;-2-b pyridine-5-one 
Attempts were made to reduce (238) f o l l o w i n g the method of 
DuP r i e s t e t e l 
7-Witro-5]i-indeno [j ,2-b pyridine-5-one (0.75g ; 4.14mmol) 
and hydrazine monohydrate (0.9ml) i n di g o l OOml) were heated 
with s t i r r i n g to 180^0 and maintained at t h i s temperature 
f o r four hours. 
A f t e r c o o l i n g to room temperature, the mixture was poured 
i n t o c o l d water (90ml) and b r i n e (20ml) and e x t r a c t e d with 
e t h y l a c e t a t e (3 x 20ml). 
The combined e x t r a c t s were washed with water ( 3 x 20ml), 
d r i e d and concentrated to l e a v e a s o l i d product which on 
r e c r y s t a l l i s a t i o n from toluene a f f o r d e d the novel compound : 
7-amino-5jj-indeno j^l, 2-b| p y r i d i n e i n 69^ y i e l d , w i t h e m.p. 
178*^0; T L C ;Rf 0.37 ; I n f r a r e d ONH^ 3458 , 3315 , 3191 
cm"''; r^ "^ * 182 (Appendix 1.49 ) , proton miR (Appendix 
11.19 ) , Found: C, 79.83 ; H, 5.95 ; N, 14.20 . .0^2^10^-2 
r e o u i r e s C,79.12 ; H, 5.49 ; 15.39 %. 
Clemmensen r e d u c t i o n of 7-nitro-5H-indeno [l, 2 - b ] pyridine-5-one 
(^a>g) to 7-nitro-5H.-indeDo [ l , 2-b|pyridine ( O S S ) 
l<'ollowing the method of Harwood and P^ ioody z i n c wool 
(2.768g ; 0.05 mol) was cut up and int r o d u c e d i n t o a RBF. 
Mercury {11) c h l o r i d e (0.11g ; 0.4mmol) was d i s s o l v e d i n a 
mixture of concentrated h y d r o c h l o r i c a c i d (,0.1ml) and v/ater 
(2 ml) and then edded to the z i n c wool i n the f l a s k . 
The f l a s k was s w i r l e d f o r 5 minutes and the anueous supernatant 
l i o u i d was decanted from the z i n c amalgam. 
loe 
The amalgam v;as immediately covered w i t h a mixture of cone. 
HCl (5ml) and water U m l ) .7-^\Iitro-5H-indeno 1,2-b p y r i c i n e -
5-one (0.904g ; 4 mmol) was added to the f l a s k and r e f l u x e d 
f o r 2 hours.At 30 minute i n t e r v a l s during the r e f l u x p e r i o d , 
a f u r t h e r 0.2 ml of c.HCl was added dovm the condenser. 
A f t e r 2 hours, the mixture v/as cooled and b a s i f i e d w ith NaOH. 
E t h e r (5ml) was added and the r e s u l t i n g s o l u t i o n was 
t r a n s f e r r e d to a s e p a r a t i n g funnel.The o r g a n i c l a y e r was 
separated and the aqueous l a y e r was e x t r a c t e d w i t h e t h e r 
( 3 x 5 ml) .The combined et h e r e x t r a c t s v/ere washed with 
water {2 x 5ml) and d r i e d (MgSO^). R e c r y s t a l l i s a t i o n froi 
dichloromethane a f f o r d e d 7-nitro-5H-indeno ,2-b| p y r i d i n e (239; 
d i n 35^ -^ y i e l d , w ith m.p. 144-6°C; T L-C ,Rf 0.46 ; I n f r a r e 
^NO^ 1522 , 1341 cm"'' ; M'^'212 (appendix 1.48) , protonNI'/IR-
V appendix 11.18) ; 13-CWrffi appendix I I I . 1 6 ) . Pound C, 67.34 ; 
H, 3.45 ; N, 13.28^.. C^2^8^^'2^2 r e q u i r e s C 67.93 ; H, 3.77 ; 
N 13.21 %. 
7-Amino-5H-indeno 1,2-b p y r i d i n e - 5-Qne (241) 
Fol l o w i n g the method of Vogel"*^^, c r y s t a l l i s e d sodium s u l p h i d e 
Ka^S.gH^O, (18.0g ; 75mmol) was .dissolved i n wnter (50ml); 
f i n e l y powdered sodium hydrogen carbonate (6.0g ; 71.4 mmol) 
was added i n small p o r t i o n s with continuous s t i r r i n g . W h e n 
the carbonate had completely d i s s o l v e d , methanol (50ml) was 
added and the s o l u t i o n was cooled to below 20°C. The 
p r e c i p i t a t e d sodium carbonate v/es f i l t e r e d o f f and washed w i t h 
methanol (3 x 8ml).The f i l t r a t e end the washings were r e t a i n e d 
and used immediately f o r the r e d u c t i o n of the n i t r o compound (238) 
7-N itro-5H-indeno 1,2-b pyridine-5-one (0.5g ; 2.2mmol) 
was d i s s o l v e d i n methanol (50ml).With shaking, the p r e v i o u s l y 
prepared methanolic s o l u t i o n of sodium hydrogen s u l p h i d e v/as 
added (40ml) and the mixture was r e f l u x e d f o r 20 minutes.The 
s o l u t i o n was cooled and the excess of methanol was removed by 
r o t o r - e v a p o r a t i o n to a f f o r d a red s o l i d i n 83^ y i e l d . 
7-amino-5H-indeno 1,2-b pyridine-5-one had m.p. 185-7^0 ; 
T L C ,Rf 0.42 ; I n f r a r e d 7>C=0 1718 , ONH^ 3351 cm'*'; 
M'*"*196 Uppendix 1.50); proton NMR (appendix 11.20) , 13-C 
mm (appendix I I I . 1 7 ) . Pound: C 71.93 ; H, 3.50 ; N, 13.78%. 
*^12^6^^2*^ r e q u i r e s C 73.47 ;H, 4.08 ; N, 14.28%. 
7- ^ydroxy-5H-indeno [ l , 2 - b ] p y r i d i n e - 5 - o n e (242) 
Using the method of Vogel , 7-amino-5ii-indeno 1,2-b p y r i d i n e -
5'one (0.5g ; 2.5mmol) was d i s s o l v e d i n 1:1 s u l p h u r i c a c i d : 
water O m l ) and i c e d water i,9nil) w i t h s t i r r i n g . The s o l u t i o n 
was c o o l e d to 0-5°C and sodium n i t r a t e (0.18g ;26 mmol) i n 
water (5rnl) v/as added over 10 minutes u n t i l a permanent 
c o l o u r was immediately g i v e n to K I - s t a r c h paper. V/hilst 
d i a z o t i s a t i o n was i n p r o g r e s s ; 1:1 s u l p h u r i c a c i d : w a t e r (4ml) 
was heated to b o i l i n g . The d i a z o t i s e d s o l u t i o n was added over 
30 minutes. A f t e r a d d i t i o n the mixture was b o i l e d f o r a f u r t h e r 
5 minutes and cooled. NaOH(40^?) was added to n e u t r a l i s e the a c i d 
A f t e r l e a v i n g i n a f r i d g e , a favm s o l i d was obtained by 
f i l t r a t i o n . R e c r y s t a l l i s a t i o n from toluene a f f o r d e d the pure 
phenol ( 2 4 2 ) , i n 19% y i e l d , w h i c h had m.p. 194-6°C. T L C , 
Rf Oc72 ; I n f r a r e d . C=0 1720 , OUH 1250 ,1400 cm"''. M"^ *197 
(appendix 1.51) ; proton NMR (appendix 1 1 . 2 1 ) . Pound; C 73-31; 
H 3.53 ; 6.93%. ^^2^7^^ r e q u i r e s C 73.10 ; H 3.55 ; N 7.11%. 
7'Hydroxy-5H-indeno 1,2-b'] p y r i d i n e (243; 
The experimental method v/as i d e n t i c a l to t h a t above except 
7-amino-5H-indeno 1,2-b p y r i d i n e was used as s t a r t i n g 
m a t e r i a l . A d d i t i o n of KaOH(40%) to the r e a c t i o n s o l u t i o n 
afforded a p a l e fawn s o l i d . R e c r y s t a l l i s a t i o n from toluene 
afforded a yellow s o l i d , which had m.p. 243 - 5^0; T L C , 
Rf 0.64 ; I n f r a r e d 0 OH 3382 , 1269 cm""% M'*"*183 (appendix 
1.52) ; proton mm (appendix 11.22) o Found: C 78.65 ; H 4.83 ; 
H 7.54 %. C ^ 2 ^ 9 ^ ^ r e q u i r e s C 7 8 . 6 9 ; H, 4.92 ; 1^  7 . 6 5 % . 
Y i e l d - 27%. 
7-Bromo-5H-indeno [1,2-" 
7-Bromo-5ii-indeno 1,2-b 
pyridine-5-one oxime (244) 
pyridine-5-one ( 0 . 5 g ; 1 . 9 3 mmol) 
v/as d i s s o l v e d i n ethanol (45ml) and refluxed.To t h i s s o l u t i o n 
v/as added hydroxylamine h y d r o c h l o r i d e (I.Og ; 14.4mmol) and 
sodium a c e t a t e t r i h y d r a t e (2.0g ; 24.4mmol) d i s s o l v e d i n 
warm water (30ml).The mixture was r e f l u x e d f o r 1 . 5 hours and 
the s o l u t i o n was f i l t e r e d hot and then cooled i n an i c e - b a t h . 
A v/hite p r e c i p i t a t e s e p a r a t e d out end v;as c o l l e c t e d and d r i e d . 
R e c r y s t a l l i s a t i o n from ethanol a f f o r d e d the oxime i n 85% 
y i e l d , w h i c h had m.p. 266-7^0. T L C ,Rf 0.42 ; I n f r a r e d . N-OH 
3450 cm'\iC=K 1580 ,N-0 955 , 1000 cm""" | M'***274/276 (appendix 
1.55) , proton mm (appendix 11.23).Found: C 51.42 ,H 2.24 , 
N 9.86% C^2^^2^^^ r e q u i r e s C 52.56 , H 2 . 5 5 , Vi 10.22%. 
7-Nltro-5H"indeno[l,2-b]pyridine-5-one oxime (245) 
The method i s s i m i l a r to the p r e v i o u s experiment except 
7-nitro-5H-indeno 1,2-b pyridine-5-one (0.44g ; 1.93 mmol) 
was used. The p r e c i p i t a t e f i n a l l y obtained was r e c r y s t e l l i s e d 
from ethanol to give 7-nitro-^'-indeno 1»2-b| p y r i d i n e - 5 - o n e 
oxime i n 9 9 ^ y i e l d , w i t h a m.p. 302 - 3^0. T L C ,Rf O . 3 6 ; 
I n f r a r e d :>c=N 1590 ,^N-0 970 , 1018 cm"'',5W-0H 3100 cm"''. 
M"*'*241 (.appendix 1.56), proton j j p ^ (appendix 11.24) .Found: 
C 59.26 , H 2.31 , N 15.51%. C,^H^N303 r e q u i r e s C 59.75 , 
108 
H 2 , 9 0 ; K 17 . 43 %. 
5>7«']jLecetamido-5H-in(ieno 1,2--bj p y r i d i n e ( 2 4 6 ) 
7-witrcr5H-indeno 1,2-b pyridine-5-one oxime (0.56 ; 2 m m o l ) , 
anhydrous sodium a c e t a t e ( 0 , 5 g ; 6 mmol) and a c e t i c anhydride 
( 5 . 0 g ; 49mmol) were t r e a t e d w i t h z i n c dust ( I.Og ; 15 mmol), 
added portion-wise.The mixture was heated under r e f l u x f o r 
1 hour, f i l t e r e d hot and the f i l t r a t e was poured i n t o i c e -
water ( 2 4 n i l).The s o l u t i o n was made a l k a l i n e (eq NaOH ).0n 
c o o l i n g a yellow p r e c i p i t a t e separated out which was c o l l e c t e d 
end d r i e d . R e c r y s t a l l i s a t i o n from chloroform gave 
5,7-dlacetamdio-5ii"indeno 1,2-b| p y r i d i n e (.246) i n 93"^ ^ y i e l d , 
which had m.p. 213-4°C. T L C ,Rf 0 . 5 6 ; I n f r a r e d ^ C = 0 1 6 5 0 , 
3270 , amide 1,11 1415 , 1560 cm'''. M*^ *281 (appendix 1 . 5 7 ) , -
proton NRIR I appendix I I . 2 5 ) . P o u n d : C 68.50 ; H 5.16 ;N 12.28^-. 
^I6^h5^'^3^2 ^eQ^iJ^es C 6 8 . 3 3 ; H 5 . 3 4 ; N 14.95%. 
7-Acetamido -5H-indeno 1,2-b|pyridine ( 2 4 7 ) . 
7-Witro - 5 H-indeno 1,2-bjpyridine-5-one (500mg ;2.2mmol), 
anhydrous sodium a c e t a t e (500mg) and a c e t i c anhydride ( 5 g ) 
were t r e a t e d w ith z i n c dust (I.Og) added p o r t i o n w i s e , as above. 
B a s i f i c a t i o n of the f i n a l s o l u t i o n gave a f i n e p r e c i p i t a t e 
which was c o l l e c t e d and d r i e d . R e c r y s t a l l i s a t i o n from 
acetone a f f o r d e d 7-acetemido-^-indeno 1>2-b p y r i d i n e i n 
12% y i e l d , which had m.p. 226-7°C. T L C ,Rf 0.47 ; i n f r a r e d 
amide I , I I I69O , I6OO cm'^.M^*224 (appendix I. 5 8 ) .Pound: 
C 7 5 . 1 1 ; H 5 .09 ; N 12.68?5 C^^H^ ^N^O^requires C 75.00 ; 
H 5 . 36 ; N, 12 .50 ?S. 
5-AcetamidO"7-nitro-5a-indeno 1,2-bj p y r i d i n e (248) 
5-acetamido-5H-indeno 1,2-b p y r i d i n e OOOmg ; 1.34 mmol) 
v/as d i s s o l v e d i n s u l p h u r i c a c i d (2 ml), M a i n t a i n i n g the 
temperature a t 0-5°C, potassium n i t r a t e (200mg) v/as slov;ly 
added. Once a d d i t i o n was complete, the mixture was r e t u r n e d 
to room temperature and was heated on a b o i l i n g v/ater bath 
f o r 1 hour. The s o l u t i o n v/as cooled and poured i n t o i c e and 
made a l k a l i n e w i t h eq ammonia. The blue s o l i d which 
s e p a r a t e d out v/as c o l l e c t e d end d r i e d . R e c r y s t a l l i s a t i o n from 
ethanol a f f o r d e d the white c r y s t a l s of ^-acetamido-T-nitro-
Sjj-indeno 1,2-b p y r i d i n e ( 8 7 % ) , v;hich had m.p. 232-4°C. 
T L C ,Rf 0.43 ; I n f r a r e d Amide I , I I 1523 , 1655 ,0^10^ 
1442 , 1573 cm"\ M'^*269 (appendix 1 . 5 9 ) . 
5ji-!Endeno|^1,2-b pyridine-5-one N-oxide (249)» 
Fo l l o w i n g the method of Ochiai"*^^, ( 8 ) , ( 1 . 0 g ; 5.5mmol) 
v/as d i s s o l v e d i n a c e t i c a c i d (7ml) i n a RBP, C a u t i o u s l y , to 
t h i s , was added 30^ hydrogen peroxide (0.9ml) v/ith s t i r r i n g . 
The s o l u t i o n was heated to 70°C and maintained a t t h i s 
temperature f o r 18 hours.The e x c e s s of s o l v e n t v/as removed and 
cold v/ater (2ml) v;as added and the s o l u t i o n was again, r o t o r -
evaporated to d r y n e s s . R e c r y s t a l l i s a t i o n from aq ethenol gave 
51i-indeno |^1,2-bJ pyridine-5-one N-oxide (75%), v/hich had m.p. 
254-6^0 (Lit ' * ' ^ ^ 254-6°C). T L C ,Rf 0.5 ; i n f r a r e d .00=0 
1720 ,0W-^O 1280 cm"''. M'*"197 (appendix 1.60); proton 
(appendix 11.26); 13-C NIViR (appendix I I I . 1 8 ) . Pound C 73.24 ; 
H 3o49 , N 7.27%. ^ ^^^m^ r e q u i r e s C 73.10 ; H 3.55 ; 
N 7.11 %. 
2.IO 
5H.-^ndeno I f^-b p y r i d i n e N-oxide (250) 
The experimental procedure i s i d e n t i c a l to t h a t above except 
5H-indeno 1,2-b p y r i d i n e O .Og ; 5«9niinol) v/as used.The 
r e s u l t i n g s o l i d was r e c r y s t a l l i s e d from e t h y l a c e t a t e to 
a f f o r d 5H-indeno 1 > 2-b] p y r i d i n e N-oxide i n 30^. y i e l d , which 
had m,p. l62-3°C.T L C ,Rf Oo43 ; I n f r a r e d 0 1271 ,1235 , 
1223 cm"'*; M"^ *183 ^appendix I . 6 l ) ; p r o t o n [appendix 1 1 . 2 7 ) . 
o . 
5 
Pound: C 78.77 ; H 4.54 ; N 1,83%. C^2^gH0 r e q u i r e s C 78,69 
H 4.92 ; K 7 . 6 5 
7-Nitro , 5 H-inQeno 1,2-b pyridine-5-one N-oxide (251) 
1 10 
The method of O c h i a i was again used.The method was i d e n t i c a l 
to t h a t used f o r the p r e v i o u s H-oxide except t h a t 7-nitro,5H-
indeno 1,2-b pyridine-5-one U.Og; 4.4mmol) was used. 
The r e s u l t i n g s o l i d was r e c r y s t a l l i s e d from ethanol to a f f o r d 
the H-oxide (251) i n 50'^ . y i e l d , w i t h m.p. 273°C. T L C ,Rf 
0.64 ; I n f r 8 r e d 0C=0 1732 ,5K-^0 1282 cm"** , 0 NO^ 1531 , 
1351 cm""*. f/*242 (appendix 1 .620; proton NMR(appendix I I o 2 8 ) . 
Pound: C 59 .45 ; H 3.04 ; W 9.9355. A l s o C 59 .23 ; H 3.21 ; 
N 9.76 C^2^gN2°4 r e q u i r e s C 59.50 - H 2.48 ; N 11.50^.. 
7-Nitro, 5ji-indeno 1, 2-b1 p y r i d i n e N-oxide ( 2 5 2 ) . 
The method i s i d e n t i c a l to t h a t above except t h a t 7-nitro,5H-
indeno 1,2-b p y r i d i n e U.Og; 4.7mmol) v/as used. 
H e c r y s t e l l i s e t i o n from ethanol a f f o r d e d the N-oxide (252) i n 
29^ y i e l d , w h i c h had m.p. 174-5°C.T L C ,Rf 0.43 ; I n f r a r e d 
X^NO^ 1526 , 1343 cm"'',;iW-»0 1282- cm"**; M"^*228 (appendix 1.63); 
proton mm fappendix II. 2 9 ) .Pound: C 62.58 , H 3.53 , N 11.41^^. 
Also 62.69 ; H 3.50 ; N 11.41 '^ .^C^  2^8^'2*^3 ^ ^ c i ^ ^ ^ e s C 6 3 .16 ; 
H 3.51 ; W 12.28%. 
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Appendix I 
Pilass S p e c t r a 
:zi8 
:jummary of Mass s p e c t r a (Appendix I ) . 
D uring the course of the p r o j e c t the mass s p e c t r a of 
most of the compounds have been recorded.The fragmentation 
r o u t e s of the in d e n o p y r i d i n e compounds under e l e c t r o n impact 
i o n i s a t i o n e x h i b i t s i m i l a r i t y dependent on the s u b s t i t u e n t s 
p r e s e n t . 
1. The mass s p e c t r a of the i n d e n y l enamides; appendix 
I . 2 , 3 » 4 , 5 , 8 , 9 and 10 i n d i c a t e d the presence of the 
expected fragments. The enamide group ( I . 2 , 3 > 4 , 5 ) l o s t 
CH-jCO or CH^CO i n i t i a l l y f o llowed by r i n g cleavage.The 
dimer compounds l o s t an 'indene' r a d i c a l ( I . 4 » 5 ) . 
The propionamide group l o s t C^H^CO or C2H^C0 (1.8 , 10) 
and the benzamide group l o s t C^H^CO (1.9) followed by 
fragmentation as f o r the enamide groups. 
2. The mass s p e c t r a of the benzoquinoline diones are 
recorded i n appendix I.14.The s p e c t r a had a s i g n a l 
corresponding to a M+2 s p e c i e s , i n d i c a t i v e of the 
presence of i n c o m p l e t e l y o x i d i s e d compound , m/z 211. 
m/z 2 1 1 
OH 
CM 
The dione r e a r r a n g e s and e l i m i n a t e s CO to y i e l d the 
indenopyridone (8) as the most abundant i o n , m/z 181 
U 0 0 % ) . P r a c t i o n a t i o n f o l l o w s t h a t of ( 8 ) , e l i m i n a t i n g 
CO followed by e l i m i n a t i o n of HCN as a n e u t r a l s p e c i e s . 
3 .The diazoketones (appendix 1 . 1 5 , 18) los t . - n i t r o g e n 
and underwent a Wolff rearrangement i n the mass 
spectrometer to give the ketene ( 1 0 0 % ) , m/z 1 9 3 and m/z 
1 9 2 r e s p e c t i v e l y . S u b s e q u e n t l o s s of CO gave the parent 
compound as the most abundant i o n (m/z I65 and m/z I66 
r e s p e c t i v e l y . ) 
4. The f r a c t i o n a t i o n r o u t e s observed w i t h the e s t e r s ore 
d e t a i l e d i n appendix 1.16 ,22 and 2 3 . They g i v e the 
parent h e t e r o c y c l e a t m/z 166 v i a l o s s of CO followed 
by l o s s of OCH^ or OCH^CgH^, 
The -hydroxy e s t e r (appendix 1 . 2 1 ) l o s e s CO and OCH-^  
to gi v e the 5-hydroxy compound at m/z 182. 
The amide (appendix 1 . 1 9 ) l o s e s CONHC(CH^)^ to give the 
parent .heterocycle a t m/z 1 6 6 ( 1 0 0 % ) . 
5. The parent i n d e n o p y r i d i n e , 5H-indenoCl, 2-b3pyridine (4) 
e l i m i n a t e s HCN as a n e u t r a l s p e c i e s to give aC6,5,4*l 
t r i c y c l i c fragment. I n the case of the oxo compound (8=) 
the fragmentation proceeds by l o s s of CO. (appendix I . 
3 1 and 27 r e s p e c t i v e l y ) , 
6.5-Hydroxy-5H - indenoO>2-b}pyridine (208),appendix 1.28, 
l o s e s H* to g i v e the p l a n a r hydroxy and oxo s p e c i e s , l o s s 
of CO g i v e s the C6»4 ,63 fragment f o l l o w e d by l o s s of HCN 
to g i v e the [ 6 , 4 , 4 3 fragment. A l t e r n a t i v e l y l o s s of OH* 
gave the parent s p e c i e s a t m/z 166. 
7 . The mass s p e c t r a of 9 , 9 * - b i f l u o r e n y l (217) had a 
molecular i o n a t m/z 330 which underwent f a c i l e 
c l e a v a g e a t the 5 p o s i t i o n to gi v e the parent s p e c i e s 
m/z 165 (lOO^O. 
8. The fragmentation r o u t e s observed f o r the a l c o h o l s 
a r e d e t a i l e d i n appendix I * 3 2 , 3 3 , 3 3 i , 3 4 , 3 5 .Loss of 
{CH^)^C}i^ , (CH2)3CH^ , {C}i^)^CH^ , CgH^ and CgH^ 
r e s p e c t i v e l y l e d to a p l a n a r hydroxy s p e c i e s , l o s s of 
CO gave the [ 6 ,4 , 6 3 fragment. 
9. I n g e n e r a l , the oximes l o o s e an 0** d i r a d i c a l , f o l l o w e d 
by l o s s of HCN, or a l t e r n a t i v e l y the oxime r e a r r a n g e s to 
N=0 which i s then e l i m i n a t e d (NO') to g i v e the parent 
s p e c i e s , as i n d i c a t e d by t h e i r mass s p e c t r a (appendix I . 3 6 , , 
I . 3 9 ) . P o r the bromo- d e r i v a t i v e (appendix I . 5 5 ) , l o s s of 
the bromo r a d i c a l proceeds l o s s of the 0** d i r a d i c a l . 
For the NO^ d e r i v a t i v e (appendix I . 5 6 ) , l o s s of WO^occurs 
f i r s t , f o l l o w e d by the oxygen diradi.Gal»Altematively, the 
n i t r o - group may r e a r r a n g e to N=0 which i s then e l i m i n a t e d 
to give the parent s p e c i e s . 
10. The mass s p e c t r a of the bromo- d e r i v a t i v e s a r e g i v e n i n 
appendices 1,42 ,43,44,45 and 4 6 . I n each case the presence of 
the Br group i s confirmed by the bromo r a t i o seen a t the 
m o l e c u l a r i o n . F o r example, f o r a monobromo compound the r a t i o 
i s M"*"*: M + 2 seen as a 1:1 r a t i o . P o r a dibromo compound 
t h i s r a t i o i s 1:2:1, and a tribromo compound 1:2:2:1. 
I n each case l o s s of a Br r a d i c a l g i v e s the parent s p e c i e s 
(m/z 166 ),appendix I . 4 4 . F o r the pyridbne d e r i v a t i v e s , t h i s 
i s follov/ed by l o s s of C O . A l t e r n a t i v e l y l o s s of CO may 
proceed l o s s of the bromine r a d i c a l , (appendix 1.42,43)• 
The other bromo compounds f o l l o w a s i m i l a r route, i e l o s s 
of bromine r a d i c a l s to g i v e the parent i n d e n o p y r i d i n e 
(m/z 166). 
11. Mass s p e c t r a of the n i t r o d e r i v a t i v e s i n d i c a t e t h r e e 
pathways by which fragmentation may o c c u r . D i r e c t l o s s of 
NO2 g i v e s the parent i n d e n o p y r i d i n e , or l o s s of an oxygen 
d i r a d i c a l , followed by l o s s of NO a l s o g i v e s the parent 
i n d e n o p y r i d i n e . P o r the indenopyridone, the t h i r d route of 
fragmentation i d i c a t e s l o s s of CO.(appendix 1.47,48). 
The amines (appendix 1.49,50) l o o s e a H' foll o w e d by 
HCN to g i v e a (^5,4 ,63fragment. 
The a l c o h o l s (appendix 1.51,52) l o o s e OH' to g i v e the 
parent heterocycle.Normal fragmentation then o c c u r s . 
12. The 5-acetamido d e r i v a t i v e ( 2 3 0 ) , appendix 1.53 may 
lo o s e COCH^ to give a p l a n a r amine (m/z 181),or may 
l o o s e CH2=C=0 to give the amine (m/z 1 8 2 ) . A l t e r n a t i v e l y , 
l o s s of WHCOCH-j g i v e s the parent i n d e n o p y r i d i n e . 
The mass s p e c t r a of the diecetamido d e r i v a t i v e ^246), 
i s v e r y s i m i l a r . L o s s of COCH-^ , f o l l o w e d by l o s s of NHCOCH^ 
g i v e s the diamine (,m/z 196) . A l t e r n a t i v e l y l o s s of NHCOCH^ 
and CH2=C = 0 g i v e s the amine (m/z 181 ) . 
Por the 5-acetamido,7-nitro- d e r i v a t i v e , l o s s of NO^ 
proceeds l o s s of NHcOCH^ which l e a d s to the parent 
i n d e n o p y r i d i n e (m/z 1 6 6 ) . 
1 3 . The mass s p e c t r a of the N-oxides (appendix I , 6 0 , 6 l , 6 2 
and 63) a r e c h a r a c t e r i s e d by the l o s s of an oxygen d i -
r a d i c a l (O**) which l e a d s to the par e n t h e t e r o c y c l e . 
F o r the n i t r o compounds,loss of the 0 " i s f o l l o w e d by 
normal l o s s of the N O 2 group ( a s d i s c u s s e d i n 11.) 
Appendix 1. i 2-Indanone ( 168 ) 
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Appendix 1• 2 Attempted p r e p a r a t i o n of 1-acetemido-
maxH3 ^^^^^^ ^ ^ 
C^^H^^NO RM=173 
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Appendix I Q 2-acetamidoindene (183) 
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Appendix ^A 1-acetaniido-2( V - i n d e n y l ) i n d e n e (184 ) 
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Appendix 1. 5 2 - a c e t a m i d o - l ( 2 ' - i n d e n y l ) i n d e n e ( IRS) 
KHCOCrt^  
C2QH^^N0 RMM=287 
/ HHCOCM. 
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Appendix 1.6 1(2'-indanyliQenyl)indan-2-one ( 188) 
^18^14^ RMrvl=246 
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Appendix 1.8 2-propionamido-1(2»-indenyl)indene (190) 
Cg^H^gUO Rr^M=301 
iffiim. ; 
Appendix 1,9 2-benzamido-1(2'-indenyl)indene ( 1 9 1 ) 
Rm=349 
Appendix 1>io 2-propionamidoindene (192) 
^12^13^^ RRTM=187 
(Uo) 
Appendix 1.11 10,15-Dihydro-5H-indeno fl .ji2-a; 1', 2' -c] 
- f l u o r e n e , 'Truxene', ( 193) 
Appendix 1.12 Sp e c t r e of s o l i d w i t h RMI/I 356 
2 S O 
Appendix 1.13 . S p e c t r a of s o l i d w i t h RMVI 36O. 
Z 5 l 
Appendix 1.14 BenzDOquinolin-5,6-dione (99 ) 
RM'^ =209 
-HCN 
2 3 2 
Appendix 1.15 BenzCh3quinolin-5,6-diazoketone ( 1 8 6 ) 
c^^ErjU^o Rm=22^ 
(MS) 
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Appendix 1,16 F r a c t i o n I I I showing evidence of benzvl 
5H-indeno 1,2-b p y r i d i n e - 5 - c a r b o x y l e t e (207) 
^20^15^^^2 H-i^'=301 
Appendix 1.17 F r a c t i o n I V ahov/ing evidence of 
'benzyl-^H-indenoflV2-b] p y r i d i n e - 3 - c a r b o x y l a t e ( 207 ) 
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Appendix 1.18 9-diazo-10-phenanthrone (195) 
25 b 
Appendix 1, 19 9H-nuorene-9-tertbutylcarboxemide (197) 
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23"? 
Appendix 1,20 Component (Rf 0,46) showing evidence 
of indenopyridine fragments. 
2.3.8 
Component (Rf 0.55) showing; evidence of 
Appendix 1, 21 (RS)Methyl-5-hydroxyindenoll,2-b p y r i a m e -
5-carboxylete (198 ) 
HO CDJP<5 
» 
-OCHj* 
- c o 
est) 
Component (Rf 0.42) showing evidenne of 
Appendix 1,22 b i s - 5 , 5 ' (methyl-3iI-indeno[ 1,2-b| p y r i d i n e -
5-carboyylate (194) 
^28^20^^204 Rr\(II'iI=448 
2.M.O 
Component (Rf 0*26) showing evidence of 
Appendix 1.23 (RS)Methyl-5H-indenoLl,2-b p y r i d i n e - 3 
c a r b o x y l a t e ( 187) 
C^^E^^m^ RJl'ir.l=225 
f 
Appendix 1.24 Component (Rf 0.37) showing evidence of 
(187) 
H COiCH3 
C^4H.^^N02 RMIY1=225 
2 i f 2 
Appendix 1.25 Component (Rf 0.77) showing evidence 
of ( 1 8 7 ) . 
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Appendix ^.Xb 2-phenyl-3-pyridine c a r b o x y l i c a c i d (15^) 
COOM 
Appendix 1, 21 5H-indeno [ l , 2-b1 pyridin-3-one ( 8 ) 
C^^Hrj]^0 RMIvl=181 
I I 
(life) 
2 4 5 
Appendix 1.^8 te)5-hydroxy,5H-indeno 1,2-b p y r i d i n e (ao« ) 
H ' OH 
H OH 
-HCK 
I I 
Appendix 1. I S 5H-indeno 1,2-h pyridine-5-one hydrazone 
( 5 5 ) 
C^2^gM2 RrvIK1=195 
Appendix I.30 9 , 9 ' - b i f l u o r e n y l ( i n ) 
CggH^Q RMIV!=330 
248 
Appendix 1,31 5H-indeno 1,2-b p y r i d i n e ) 
C^^^g^ RMM=167 
Appendix 1.32 g^hydroxy, 9-T)rot)vlf luorene (xii) 
HO (CHi^iCHj 
^""^ 052-) 
* 
HO (Crta)i.CHj 
Appendix 1.S3 9 - b u t y l - 9 - h y d r o x y f l u o r e n e (1(9 ) 
HO (CHi)3<:H3 
C ^ ^ H ^ Q O R M M = 2 3 8 
-H ,-CO 
HO CCHi^jCHj, 
251 
Appendix I . 3 3 i 5-butyl-3-hydoxy-indeno p y r i d i n e (220) 
HO CCMt)^0\^ 
C^gH^^NO Rr;II';I=239 
HO tC«0jCH3 
Appendix U3lf 9-hydroxy, 9-phenylfluorene ( 2 2 3 ) 
C^gH^^O RMIvI=258 
HO CeMy 
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Appendix 1 .^S 5-hydroxy, 5-phenylindeno [ l , 2-b p y r i d i n e (22.1) 
HO 
4^  
07) 
HO' QHS 
I OH 01) 
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Appendix 1>3fe 5H-indeno 1,2-b] pyridine-3-one oxime (224) 
255 
Appendix 1.37 5Ii-indeno {^, 2-h\ p y r i d i n e -3-one 4-chloro.benzyl 
-oxime ( o i s ) 
C^^R^^l^^OCl R:;:I.:=320 
CJi 
Ciis) 
25^ 
Appendix 1.3g 5H-indeno 1, 2-b] pyridine-5-one 2 . 4 - d i c h l o r o 
benzyl oxime (226) 
^19^12^2^ C l ^ RMM=354 
c^Hsal,o 
* 
Ins) 
7" 
2.57 
Appendix 1 Fluorenene oxime {^n) 
50 
10 
151 
. Jilt 
1(5 
70 100 
- O 
258 
Appendix 1,40 6-phenanthridone UZ8 ) 
C^^HgKO Rivnvi=195 
25<] 
Appendix 1>41 Attempted Beckmenn Rearrangement of (224) 
2<oO 
Appendix 1 .l^Z 7-bromo-5H-indeno J , 2-b| pyridin-3-one (2.33) 
C^2^^6^-0Br Rm=259/26l 
L i 
6r 
I 
2(o\ 
Appendix 1.if3 7.9-dibromo-5H-indeno [ l , 2-b] p y r i d i n - 3 one 
C^2H5N0Br2 Rm=337/339/341 
0 
(a5l/i3«l/3q.O 
Appendix 1 .44 Dibromo-5H-indeno 1,2-bj p y r i d i n e (.233) 
C^^K^mr^ 323/325/327 
Appendix 1.45 Tribromo-^H-indeno J t^-^ p y r i d i n e (236; 
C ^  2^ 6^ '* ^ ^ 3 HI-ir^ i= 401 /40 3/40 5/407 
H 
Appendix 1 «4b Tetrabromo-^H-indeno 1,2-b p y r i d i n e (.237) 
(J ^  2^^'^^^^/^. RMM=479/481 /483/485 
(ibU) 
24,5 
Appendix 1 7-nitro-5H.-'indeno 1,2-b pyridin-3-one (238) 
CO «> 
I I I 
Appendix 1 .i»8 7-nitro-3H-indeno 1,2-b p y r i d i n e (XSS) 
NO2. 
Os-u) l21Z) 
Appendix 1 .t^q 7-emino-5H.-inQeno 1,2-b| p y r i d i n e ( 2 J ^ ) 
H H 
2(a2 
Appendix 1 .SO 7-amino-3H-indeno 1,2-b] pyridin-3-one (Ztfi) 
Appendix 1,51 Y-hydroxy-^fl-indeno 1,2-b] p y r i d i h - 3 one 
C^^HrjliO^ Rrvnvl=197 
: - j J 
j 
"1 
1?2 
no 
C O ( 3 * 5 
OH 
i n ; 
(iri) 
V 
210 
Appendix 1,52 7-hydroxy-5H-indeno 1,2-b] p y r i d i n e (243) 
RiviU=183 
.0. 
I ! 
^1 " 7 V 
100 zoo 
-co 
Appendix 1 .53 5-£cetaniido, 5H-indeno 1 , 2-b| p y r i d i n e ( 2,30 ) 
^14^1 2^ '2^  Rm=224 
H MHCOCM 
Appendix 1>Sif 5H-indeno 1 , 2 - b ] p y r i d i n e 2 , 4 - d i n i t r o p h e n y l 
hydrazone (231 ) 
NO, 
2.-13 
Appendix 1.55 7-bromo-3H-indeno 1,a-b]pyridine-3-one oxime 
(244) 
C^2HYN20Br RMM=274/276 
OSX) 
21H-
Appendix 1.5b 7 - n i t r o , 5H-indeno [ l , 2-b pyridine-3-one oxime 
(245) 
C^^HyN^O^ RMIvl=241 
1?5 148 
r40{ H^h) 
(1.7) 
Appendix 1 ,5"; 3,7-diacetamido-5H,-indeno .1 ,2-b] p y r i d i n e 
(2ai.(,) 
H' >4HCOCH3 
OCMH 
Appendix I.Sg 7-ecetamido, 5H-indeno [ l , 2-b| p y r i d i n e (au-l) 
C ^  ^ 2^2^ RM!''= 2014. 
-COCM3-
(Ho) 
211 
Appendix 1 .Sq 5-acetamido,7-nitro-3H-indeno f l ,2-'b] p y r i d i 
(2JVg ) 
ne 
W NHCOCH-
^ , u_ L — — 
H h4HCoCH^ 
-MHC0CH3' 
( 5 ^ 
21S 
Appendix 1 •bO 5H-indeno 1,2-b pyridin-5-one N-oxide (aif€») 
RP,™=197 
-co 
00 
(11^) 
2ns 
Appendix 1 .fcl 5H-indeno 1,2-bj p y r i d i n e N-oxide ( a g o ) 
H M 
C^2^gl^0 Riyn;i=183 
• J 
z;, i 
1 
rcJ 
, J 
. J 
i 
"'I 
1 
T .... 
1 1. . i; I 1 
i? 
ll 
too 1 150 
1 1 1 ) 1 . . . . J 
300 
( J S ) -HCN 
Appendix 1.fax 7-nitro-5H-indeno 1,2-b pyridin-5-one 
^ N-oxide ( Z S | ) 
100 
1 
1ft I 
r;> J 
-iO _ 
i 
10 
^12^6^'2^4 Hf'iiv'-=242 
I 11 i I i: 111 
i^:o 
NO' 
-KCH (21) 
2g| 
Appendix 1 .feS 7 - n i t r o , 3ii-indeno j , 2 - b ] p y r i cine I'!-oxide 
H H 
1 
.voJ 1 
. J 
i 
1 
J 
-:oJ 
J 
- • ) _ 
1 i • 
'•• 
i i il 
too £00 
232-
Appendix I I 
' 'H NrvIR 
nummary of 'H l;i/IH spectra (eppencix I I ) 
Pormichov and co-workers"^ have undertaken a systematic 
enelysis of the proton i;-.;?. spectra of three of the isomeric 
indenopyridines. i n t h i s study Pormichov u t i l i s e d s u i t a b l y 
substituted fluorene compounds as models and carried out 
double resonance experiments linJ^ed with calculations of 
the t h e o r e t i c a l spectra (.using i t e r a t i v e procedures, 
ITRCAL ) and was able to assign many of the resonances 
associated v/ith these compounds.The assignments are 
summarised i n Tables 5-8. 
^Bble 5. Chemical S h i f t s of fluorenes and 
indenopyridines. 
Compound H-1 K-2 H-3 H-4 H-5 H-6 H-7 H-8 9-CH, 
— 8.25 7 .1 t 7.93 7.67 7.20 7.17 7.42 3.85 
8.70 8.48 7.70 7.81 7 .31 7.37 7.58 4 .10 
7.74 7.09 8.38 7.89 7 .31 7.28 7.46 3.58 
Table 6. Coupling Constants, ( J ) . 
Compound (12) 0 3 ) (14) (23; (24) (34) (56) (57) C58) 
1 — 4.91 1.61 7.47 7.55 0 .99 0,79 
2 — 0 1.0 — — 5.0 7.65 1.18 0.68 
4 7.49 1.54 ~ 4.84 — — 7 .44 1.31 0.77 
(67) (68) (78) 
1 7.58 1.07 7.51 
2 7.49 1.06 7.58 
3 7.12 0.99 7.37 
Table 7» Long Range Coupling Constants (J) 
Compound (19) (29) (39) (49) (59) (69) (79) (89) 
1 — 0 .25 -0.7 0.4 0.4 -0.7 0 .25 -0.85 
2 — — — — 0.4 -0.7 0.25 -0,7 
4 -0.85 0 .25 -0.75 - 0.4 -0.7 0.25 -0.85 
These studies show that the proton HMR spect2?um of en 
indenopyricine compound can be treated as a simple superim-
p o s i t i o n of the Ar.'!XY2 spectrum (pyridine protons) and a 
ABCDX^  sub-spectrum (phenylene protons).The long range 
coupling ^.Table 3) can be i d e n t i f i e d i n the single 
resonance spectrum with respect to the ^ C^ assignments. 
These were deduced with reference to known ^-^C s h i f t s ( S" ) 
i n model compounds (pyridine, quinoline end isoauinoline) 
and the ef f e c t s of contact s h i f t reagents; EuCdpm)^, 
?r(dpm)^ and Gdvdpm)-^. 
Table 8. Chemical s h i f t s , couj^ling constants and 
long range coupling constants of the 9-CH^  protons 
with the aromatic protons of ( 1 ) . 
Assignment X Aromatic J(Hz) •9-CH2 J(Hz) 
proton ppm proton 
H-2 8 .25 H-2,3 4.91 H-2,9 +0.3 
H-3 7.11 H-2,4 1.61 H-3, 9 - 0 . 7 
H-4 7.93 H-3,4 7.47 H-4,9 +0.4 
H-5 7.67 H-5,6 7.79 H-5,9 +0.4 
H-6 7.20 H-5,7 1.09 H-6,9 -0 .7 
H-7 7.17 H-5,8 0.81 H-7,9 +0.2 
H-8 7.42 H-6,7 7.43 H-S,9 - 0 . 7 
H-6,8 1.12 
H-7,8 7.66 
The NIvIR spectra are recorded i n Appendix I I . The 
spectra obtained from the indenopyridine compounds 
prepared during t h i s project a l l show comparable chemical 
s h i f t s { £ ) , p a r t i c u l a r l y f o r the protons i n the p y r i d y l 
r i n g . Assigmnents have been made by comparison with those 
given f o r 5H-indenoCl, 2-b3 pyridine ^4) by Pormichov et a l 
(Table 5, page 283bO. 
The presence of substituents at the methylene p o s i t i o n 
has l i t t l e e f f e c t on the chemical s h i f t of the proton 
adjacent to the p y r i d y l nitrogen (H-2) but can cause 
downfield s h i f t s i n the phenyl protons (H-6,7,8,9) and 
the protons (H-3>4) i n the p y r i d y l r i n g . 
The methylene protons are found at 3.751 - 3.875 ppm 
i n the reference compound f o r t h i s p r o j e c t , 5H-indeno 
[ l ,2-bl pyridine (4).This i s s l i g h t l y downfield from t h a t 
given by Formichov et al**^, Table 5, 5-CH2 3.58 ppm. The 
-Other reference proton used during proton assignment i s 
H-2 which i s found at 8.582 ppm f o r (4).This d i f f e r s a 
l i t t l e from that quoted by Pormichov et al"*, 8,38 ppm. 
For 2-phenyl-3-pyridine carboxylic acid (158) , appendix 
11.1 the proton of -COOH i s so f a r downfield that i t i s not 
shown. 
The quoted values of chemical s h i f t s f o r the protons of 
(4) are also shovm together w i t h my values i n appendix 
11.2 . Apart from 5-CH2 and H-2 where there i s a descepancy 
of 0.2ppm, the difference between found and quoted values 
are approximately 0.1 ppm. 
The spectra f o r 5H-indenoCl.2-bl pyridin-5-one {3) shows 
that the methylene protons are missing. 
Appendix I I . 4 shows the spectra f o r (RS)5-hydroxy-5H,-
indeno [ l , 2 - b l pyridine (215)• The methylene proton, i s 
shov/n 5.96 ppm, the hydroxyl proton i s found at 5.55 ppm. 
The Nh'lR spectra of the hydrazone (55) shov/s the HH^ protons 
u p f i e l d et 3.44 ppm, (Appendix I I . 5 ) ,the proton adjacent 
to the p y r i d y l nitrogen i s also s h i f t e d s l i g h t l y u p f i e l d 
et 8.2 ppm. 
The fluorene protons of 9-hydroxy-9-propylfluorene (218) 
are found at the expected values (7.250 - 7.652 ppm), 
appendix II.7.The hydroxyl proton i s found at 5.55 ppm, 
and the propyl group i s found dovmfield at (2,1 - 0,7) 
ppm. 
The hydroxyl proton of (222) has s h i f t e d u p f i e l d (6.53 
ppm , appendix I I . 8 ) probably by the presence of the 
phenyl group. 
The NJilR spectra of various oximes are shov/n i n appendices 
11.9,12,23 and 24. The protons of the oxime group are 
found dovmfield at 12.92 ppm f o r compound ( 4 ) , 12,65 ppm 
f o r fluorenone oxime (11.12) and 13.145 ppm f o r the bromo-
der i v a t i v e (224). 
The 5-acetamido de r i v a t i v e (230), the proton (5-H) 
adjacent to the substituent group i s stongly deshielded 
( 6.45 ppm) as i s the proton adjacent to the p y r i d y l 
nitrogen (H-2), 9.25 ppm.The methyl protons are found, 
as. expected, at i = 2 ppm . 
S u b s t i t u t i o n of bromine i n the C-7 p o s i t i o n of (8) leads 
to a downfield s h i f t i n H-6 and H-8 i e adjacent protons. 
(Appendix I I . 1 4 ) . I n the dibromo d e r i v a t i v e , protons 
adjacent to the bromine substituent are strongly deshielded, 
S =8.6 ppm (H-6) and 8.12 (H-8),appendix 11.15. 
The spectra of the tetrabromo compound shows l i t t l e 
d ifference from that of (4 ) .The protons are s h i f t e d s l i g h t l y 
downfield,but the methylene protons are i n generally the 
same p o s i t i o n 3.84 ppm),appendix I I . 1 6 . 
Appendix 11.17 shows the WI\R spectra of (238).The protons 
adjacent to the WO^  group i n the C-7 p o s i t i o n are strongly 
deshielded (f= 8.3 - 8.4 ppm).Reduction of (238) afforded 
7-nitro - 5 H"indeno[[l,2-b3pyridine (239) whose spectra i s 
shown i n appendix II.18.The methylene protons are found 
dovmfield at 4 ppm.The proton adjacent to the p y r i d y l 
nitrogen (H-2) i s also des.hielded (<r= 8,9 ppm). 
Reduction of the n i t r o group afforded the amine ( 2 4 0 ) , 
appendix II,1 9 .The methylene protons are deshielded and 
found i n the same p o s i t i o n as the amine protons (<f=3.8 ppm). 
I n the case of the oxo compound ( 8 ) , the amine protons 
are strongly deshielded t o 5 .24 ppm.The proton adjacent 
to the p y r i d y l nitrogen (H-2) i s also downfield attTolO ppm. 
The hydroxyl proton of 7-hydroxy-5H-indeno [ [ l , 2 - b l p y r i d i n -
5^one 1242) i s found , as expected_^with standard values at 
^= 3 .54 ppm (appendix 11 ,21).Por the methylene compound, . 
the hydroxyl proton i s deshielded (f = 6 ,89 Ppm) as i s 
H-2 (S= 9 .8 ppm), appendix 11 ,22 .The methylene protons are 
shown ,as expected, at ^ '=3,84 . 
The structure of the diacetamido compound (246) i s confirmed 
by spectroscopy ,appendix II , 2 5.The methyl protons 
are found at ^ ' ^ l . g ppm,The proton adjacent to the 
substituent group (H-5) i s shielded (J=3 .443 ppm). H-2 i s 
strongly deshielded at ^=10 .3 ppm. 
The presence of the i!-o:x:ide of ( 2 4 9 ) , ( 2 5 0 ) , ( 2 5 1 ) and ( 2 5 2 ) 
deshields the proton ecjacent to the p y r i c y l nitrogen ( H - 2 ) , 
^ = 8 . 6 ppm (appendix 1 1 . 2 6 ) and f = B . B ppm (appendix 1 1 . 2 8 ) 
f o r the 0X0 compounds ( 2 4 9 end 2 5 1 respectively).For the 
corresponding methylene compounds ( 2 5 0 and 2 5 2 - appendix 
11 . 2 7 and I I . 29 respectively) H - 2 i s more strongly 
deshielded , S ' = 8 . 3 ppm andS "=9.3 ppm respectively.The 
methylene protons are also deshielded at cr= 3 . 9 7 end 4 . 1 0 
ppm. 
I n general "''H rlf/IR was used to confirm that the correct 
structure had been assigned , i e the correct number of 
protons were present.Attempts have been made , by 
comparison with the reference compound ( 4 ) , to assign 
values to a l l the protons as shown i n the follov/ing spectre 
.(appendix I I . 1 - 2 9 ) . 
Appendix I I . 1 
2-phenyl - 3-pyridine carboxylic acid (158^ 
-_ 
15 
16 
1 7 
18 
19 
S.7610 
4396 
I NT (7.) FREQ(Hz) POSITION 36 .756^3 2366.91 5290 41 .59563 2365.26 5295 39 -4397 5 2362.30 5304 
T C .90310 2360.32 5310 e .50964 2195.36 5310 '-. T .71547 2193.71 5315 
36 .73584 2187.44 5334 
* T ~ ' .52411 2185.79 5339 
" T - 77t3;:4 2050.5 2 62^19 
. 51010 204 5.70 6263 
- ~ n .-
. O _ • O _• 2042. tjO 6273 
49 .35262 2040.62 6279 
50 .31.234 2022-48 6334 
1.- - f .46729 2017.53 6349 
54 .57528 2014.56 6358 66 .49046 2012.53 6364 
75 .42451 2009.9^ 6372 100 .00000 2007,63 6379 
91 .90796 2005,65 6335 
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Appendix I I . 2 
SH-indenofl^Z-b] pyridine ( ) 
INTC/.) FREQ(Hz) POSITION BAR GRAPH / 19.17901 2321-95• 5684 ++++ 18.37963 2321.29 5686 ++++ 17.59613 2320.30 5689 ++++ 19.79631 2317.00 5699 +-••++ IS.15279 2316.34 5701 ++++ 17.43697 2315.35 5704 +++ 17.01816 2194.27 6071 + + 24.33G40 2192,95 6075 + + + + + 12.75513 2188.00 6090 + + •4- 1 19,29855 2136.35 6095 + + + + 11 . 17-;! 69 2116,03 630:? 13.32's:fj 2115.G9 6311 + + 18.66961 2114-43 6313 -*-+++ 2tD. 501Q2 2113.77 6315 ++ + + 9.8952^ » 2112.73 / O ± o -4- + -7 12,22K07 2108.49 6331 + + / 20,37351 2107.83 6333 + + + + 20,01845 2106.84 6336 + + + + 21-83139 2106.18 6 -j* 8 + + + 10.19686 2105.19 6341 -•- + 13.29553 2051-08 6505 + + + 15.10293 2050.09 6503 ••• + + 16.29107 2049.43 6510 •«-+ + •n 10,62117 2048.44 6513 + + / 5.31364 2047.12 6517 + 21.32133 2043.49 6528 + + + + 20,64668 2042.51 6531 17.89456 2041,52 6534 + + + + 7.98253 2022.71 6591 + + 17.73427 201^.77 663 9 + + + + 19.04613 2016-11 6611 + + + 20.64712 2015.45 6613 + + + + 52.26974 2010.17 • 6629 + + + + + + 49,77697 2008.19 6635 ++++++++++ 28.95401 2002.91 6651 ++++++ 23.89390 2001.60 6655 + + + + + 9.52277 1995.66 6673 6.04157 1994.34 6677 + 13.48321 1958.71 6785 + + + 31.71645 1946.83 6321 ++++++ 29.63678 1941.88 6836 ++++++ 29.83632 1939-24 6844 ++++++ 27.36060 1934-29 6359 + + + + + 2.50897 1427.53 8395 + 100.00000 1046.81 9549 +++++++++++ 5.32394 1022.39 9623 + 8.31156 1018.43 9635 + + 8,19284 1013.49 9650 + + 
9.37990 499.47 11208 + + 
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Appendix I I . 3 
5H-indenop), 2-b]pyridine-5"One ( 8 ) 
PPM INT(%) 
'8 . 5702 37 .15807 
8. 5641 40 .39758 
8. 5507 40 .27475 
8 . 5445 41 .25746 
7 . 8558 42 .67570 
7 . 8497 42 .69756 
7 . 8277 47 .64318 
7 . 8216 77 .30376 
7 . 7935 48 .33985 
7, 6848 40 .47953 
7 . 6580 46 .59201 
7 . 5786 22 .93501 
7 . 5749 22 .77874 
7 . 5505 45 .92699 
7 . 5468 45 .76140 
7 . 5224 25 .97321 
7 . 5188 26 .07643 
7 . 4076 29 .09429 
7 . 4040 31 .31809 
7 . 3795 43 .59440 
7 . 3759 44 .25306 
7 . 3527 19 .43796 
7 . 3490 19 .77052 
7 . 1915 100 .00000 
7 . 1768 46 .40165 
7 . 1585 42 .92147 
7 , 1487 41 .51051 
7 . 1304 43 .78000 
1. 5033 15 .84165 
FREQ(H2) POSITION BAR GRAPH 
2315. 38 5657 +++++++ 
2313. 73 5662 ++++++++ 
2310. 10 5673 ++++++++ 
2308. 45 5678 ++++++++ 
2122. 37 6242 +++++++++ 
2120. 72 6247 +++++++++ 
2114. 79 6265 ++++++++++ 
2113. 14 6270 +++++++++++++++ 
2105. 55 6293 ++++++++++ 
2076. 19 6382 ++++++++ 
2068. 93 6404 +++++++++ 
2047. 48 6469 +++++ 
2046. 49 6472 +++++ 
2039. 89 6492 +++++++++ 
2038. 90 6495 +++++++++ 
2032. 31 6515 ++ + 4-+ 
2031. 32 6518 +++++ 
2001. 29 6609 ++++++ 
2000. 30 6612 ++++++ 
1993. 71 6632 +++-•-+++++ 
1992. 72 6635 ++4-++++++ 
1986. 45 6654 4-4-4-4-
1985. 46 6657 4-4-4-4-
1942. 90 6786 4-4-+4-4-4-4-4-4-4-4-4 -4-4-4--
1938. 94 6798 4-4-4-4-4-4-4-4-4-
1933. 99 6813 4-4-4-4-4-4-4-4-4-
1931. 35 6821 4-4-4-4-4-4-4-4-
1926. 40 6836 4-4-4-4-4-4-4-4-4-
406. 13 11444 4-4-4-
a«8 
r 
/ I 
r 
.EX270 
, 20-JUN-91 13: 39: 2? 
JtAccumulationJf 
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JtProcessingx 
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0.00 ppm 
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155.2153 Hz 
2701.6630 Hz 
2.46 
OPERATOR : 
I I t 
PPM 
Appendix I i . 4 
5-hydroxy,5H-indeno 1,2-b] pyri d i n e (2>5 ) 
^0. PPM INT (7.) FREQ(Hz) POSITION BAR 
1 ( 8. 5-i'*6--< 7.71719 2306.21 5476 ++ 
H 8.5302 1 8.5179 
8.03B55 
7.95893 
2304.56 
2301-26 
5481 
5491 
++ 
++ 
4 1 ^ 8.5113 7.84478 2299.61 5496 + + 5 7.9599 7.33127 2150.49 5948 + 
6 7.9533 6.92039 2143.34 5953 + 
7-9313 3.12933 2142.90 5971 + + 
S 7.9293 7.36410 2142.24 5973 ++ 
9 7.8'-'22 6-3B17S 2124.09 6023 
IS <-> C -7- * / . O J'O 4.91029 2121.73 6035 + 11 , . c- 4 •- / 6.60983 2120.46 6039 + 
12 7 .3365 4.71307 2117.17 6049 + 
11- 7.3304 7..09952 ' •^ * -i C C ^ J. ^  \_' a ^ 6054 . 
1 ' i 7.6339 5.4 1635 207 5.93 6174 + 
15 7 .66-3-3 6.61500 2070.65 6190 + 
16 7.6521 6.90364 2067.35 6200 -t-
17 7.4983 2.44349 2025.73 6326 
13 7.4763 13.33590 2019.34 6344 +++ 
19 7.4616 15.78374 2015.38 6356 +++ 
20 7.4519 a.36002 2013.24 6364 + + 
7 . 4 4 57 11.33763 2011.59 6369 ++ 
7-4250 1.33357 2005.98 6386 
7.3212 10.21554 1977.94 6471 ++ 
24 7.3029 10.02958 1972.99 6486 -4- + 
25 7,2931 9.19118 1970.35 6494 + + 
26 7.2743 3.83646 1965.40 6509 + 4-
27 5- DM ^ 5.9779 9.73368 1615.03 7571 + + 1 5.9510 10.33686 1607.77 7593 
29 
5-H , 
r5.5627 8.54707 1502.85 7911 + + 30 5. 5''_'53 7.53400 1495-60 7933 + + 
2.^0 
J 
- - I U - i - l : t u . i: 
I : f . I I i I . I I 1 * t ' I 1 I t 1 • • I 
iooay\j 0'^n\xjv\j'TCV'^^r'CTvj3XDfvx\irin--^^ mio 
iianrrY\jLDtn - v T ^ T m a a j a n a ' . ' m n ^ m r u o r r . - - . ' ' j n inn 
13-0C:'-92 13: 31: 56 
i 
• KAcc'jinulationti 
OBMUC IH 
OFR 270.05 
cxyoj :;o:: 
POINT 32765 
PWI 5.0 us 
FREQU 5^05.-1 Hz 
SCANS 15 
ACQLV 3.031 sec 
PO 1.969 sec 
SLVNT J.VSO 
»fProcessingii' 
BF 0.10 H: 
EXREF 2.50 ppm 
KPlOtK 
XS 86.3322 Hz 
XE 2" 01.66^0 Hz 
YG 2.62 
OPERA":*OR : 
pp.y 
H OH 
Appendix I I . 5 
5H-inQeno 1,2"bj pyridine-5--one hydrazone (S5 ) 
PPM I NT (7.) FREQ(Hz) POSITION BAR GRAPH 
1 /8.2407 20.13008 2226.37 5719 ++++ 
\ 8.2175 
L8.2114 
19.34641 
19.71709 
2220.10 
2218.45 
5738 
5743 
-H- + + 
++++ 
4 H-T,H-If 3.0979 63.05788 2137.77 5836 + + + + + + -l- + -t-4--4--l--l-
5 /7.9147 7.9036 17.57796 2136.28 5986 
-f- + + -l-
6 21.14243 2136.63 5991 + + + + 
7.3829 - H t.' 7 C 2129-70 6012 
3 7-3292 2115-19 6056 + 
9 / 
H O 
16-73531 2110.90 6069 -t- + H-
13 7.3G23 L3.31577 2107.93 6073 + + + 
•J i_ 7.7974 1^ *. 42209 2106.61 6032 4-H- + 
12 7, 79:.3 15-03119 2104.96 6037 + + + 13 7.7316 19.06B57 2102.32 6095 
14 7.7694 3.727L3 2099,02 6105 
15 7.7010 16.55059 2080.54 6161 + + + 
16 7.6383 14.25462 2077.25 6171 + + + 
17 7.6814 13.64594 2075.27 6177 + + + 
IS 7.6692 18.51739 2071.97 6137 + + + + 
19 V.7.6533 4.21000 2067.68 6200 + 20 /^7.4531 8.99682 2013.57 6364 + + 
21 7.4262 24.60553 2006.31 6386 + + + + + 
22 7.4116 20-39749 2002-35 6393 + + •+• + 
7.4054 35.06179 2000.70 6403 + -t-H--H- + -t-
2-1 7.39?3 25.54593 1999.05 6408 + ^ + + + 
25 7.3347 20.16383 1995.10 6420 + + + + 
26 7.3810 21.93483 1994.11 6423 + + + 
27 
A 
7,3573 8.13749 1987-84 6^42 
28 7.3529 7.84036 1986.52 6446 
29 
30 
7-3346 
7-3187 
8.33429 
40.83220 
1981-57 
1977.28 
6461 6474 + + + + + -4- + -f--l--l-
31 7.3078 36.24269 1974.31 6483 + + + + + -»- + 
7.2930 35.10900 1971.67 6491 +++++++ 
7.2870 36.47753 1963-70 6500 +++++++ 
34 L 7.2711 6-87946 1964-41 6513 + 35 - 3.4403 100.00000 929-45 9650 •«- + -»--t--(--H +-1--t-+-f--t"f+ +-f--*- + 
o o -* 
o oi ^ 
00 
J 
2 6 - N 0 V - 9 2 ia: aQ\ 2 
XAccufnula t i o n x 
OBNUC IH 
OFR 2 7 0 . G 5 
rXMOD my. 
POI . \T 32766 
PWl ^ . 9 us 
FREGU 5 1 0 5 . ^ Hz 
SCANS 15 
ACQTM 3 .031 s e c 
PD 1 .S55 s e c 
SLVNT DMSO 
^ ( P r o c e s s i ngx 
BF 0 . 1 0 Hi 
E X R E F 2 . 5 0 ppm 
*(Pl0tK 
XS B6 .6620 Hz 
XE 2701 .6640 Hz 
YG 2 . 2 5 
OPERATOR : 
PR". 
ojrurucxTgT5coa3d5r^sr^^ 
Appendix 11,6 
9 , 9 ' - b i n u o r e n y l ( i n ) 
0 . PPM I N T (7-) F R E G ( H z ) P O S I T I O N BAR GRAPH" 
1 7 . 9 1 8 0 3 7 . 1 5 3 9 5 2 1 3 9 . 1 7 6 3 0 1 + + • + • + + + + 
7 . 9 0 4 5 4 2 . 0 3 4 2 0 2 1 3 5 . 5 4 6 3 1 2 + + + + + + + + 
3 7 . 8 3 9 9 4 4 - 0 0 3 0 6 2 1 3 1 . 5 3 6 3 2 4 + + + + + + + + + 
4 7 . 8 7 6 5 4 6 - 2 8 6 8 2 2 1 2 7 . 9 5 6 3 3 5 + + + + + + + + + 
7 . 8 6 0 6 1 1 . 4 4 9 6 8 2 1 2 3 . 6 7 6 3 4 3 + + 
6 7 . 8 3 1 3 2 3 . 9 9 5 5 1 2 1 1 5 - 7 5 6 3 7 2 + + + + + 
7 7 - 7 9 9 5 2 1 . 2 2 8 5 7 2 1 0 7 . 1 7 6 3 9 8 + + + + 
8 7 , 7 8 3 5 3 1 , 9 5 9 5 0 2 1 0 4 . 2 0 6 4 0 7 + + + + + + 
^ 7 , 7 5 8 0 3 3 , 2 4 2 7 2 2 0 9 5 . 9 5 6 4 3 2 + + + + + + + 
10 7 . 7 4 3 4 9 . 8 9 0 6 5 2 0 9 1 . , 9 9 6 4 4 4 + + 
1 1 7 . 7 3 3 6 2 5 - 3 4 1 4 5 2 0 8 9 . 3 5 6 4 5 2 
12 7 - 7 1 2 3 1 0 . 2 7 8 2 7 2 0 8 3 . 7 5 6 4 6 9 + + 
13 7 . 7 0 4 3 2 7 , 0 1 1 4 5 2 0 8 1 . 4 4 6 4 7 6 + + + + + 
1.4 3 . 6 8 5 S 8 2 0 6 3 . 6 2 6 5 3 0 
* rz 7 . 6 1 0 2 4 . 5 3 8 6 8 2 0 5 6 , 0 3 6 5 5 3 
16 7 . 5 ? o S 4 . / ^ _•. 2 0 5 2 . 4 0 6 5 6 4 
1 /• 7 . 5 7 ^ 7 * 2 0 4 7 . 7 8 6 5 7 8 
i 
I. 
*7 ^ *=, 5 7 1 7 . 5 3 6 7 1 20410.. 53 6 6 0 0 • h - h - H -h 
* r-* '1 O "7 ~* 'I 2 0 2 6 . 3 4 66^.3 
2 0 . :;37 51'? 2 0 2 3 . 0 4 6 6 5 3 4- -H -h H-
Z1 ••7 / I —* T - » ' - - T / _ _> 39 .263 .1 ,5 2 0 1 3 . 7 5 6 6 6 6 - H - - f - + - H - + -t-
? "7 7 - 4 6 4 9 1 3 3 7 4 2 0 1 6 . 7 7 6 6 7 2 • + - • • » - - H - + - i - + 
7 . 4 1 - 5 9 2 5 5 2 0 1 5 , 4 5 6 6 7 6 •4--(- +•+• + - ; - + 
?4 7 . 4 4 2 9 5 1 . 2 6 9 2 1 2 0 1 0 , 3 3 6 6 ^ 0 + -J. j . .4 . . ) - + 4.4.-u 
I.' 7 . 4 3 3 1 4 8 . 0 1 G 7 0 2 0 0 9 . 5 1 6 6 9 4 + + .4.-i- + 4. 
7 . 4 3 - i 4 4 3 . 1 1 6 3 3 2 0 0 3 - 5 2 6 6 9 7 + + + + + + + + + 
r / 7 . 4 1 4 9 3 4 - 3 4 4 3 1 2 0 0 3 , 2 4 6 7 1 3 + + + + + + + - + - + + -
7 . 3 3 9 2 7 1 , 8 3 4 4 5 1 9 9 6 . 3 2 6 7 3 4 + ^ - - ^ • - f • + + ^ - - ^ - + - f - ^ -
Z9 7 . 3 6 9 7 5 3 . 4 1 5 7 4 1 7 9 1 - 0 4 6 7 5 0 + + H- + + + + + - l - + - i -
: 0 7 . 3 6 6 0 5 4 . 1 4 3 4 9 1 9 9 0 . 0 5 6 7 5 3 + + + + + + + + 4--I--f-
7 , 3 5 7 5 5 3 . C:L1626 1 9 3 7 . 7 4 6 7 6 0 + + + + + + + + + 
- —T -7- C ' / 1( 4 8 . 9 S 5 3 4 1 9 3 6 . 4 2 6 7 6 4 + + + + + + + - * - + - r 
7 . 3 ^ ^ - 3 4'^-'. 1745 ' ^ 1 9 3 3 . 7 3 6 7 7 2 + + + + + + H--+--r 
-• •+ ^ ~r "7 —' 5 2 . 7 0 4 3 3 1 9 8 2 - 4 6 6 7 7 6 + + + + + + + + + - ; - -
7 . 3 2 6 ? 1 0 0 . 0 0 0 0 0 1 9 7 9 - 4 9 6 7 8 5 + + + H--(- + + + + + - -
••6 7 . 3 1 5 9 2 4 . 0 9 0 8 1 1 9 7 6 - 5 2 6 7 9 4 + -:- + + + 
7 . 3 1 1 1 3 1 . 1 2 2 6 6 1 9 7 5 . 2 0 6 7 9 8 + + + + 
•'B / . •_-'3^5 2 7 . 5 1 1 2 7 1 9 7 2 , 8 9 6 8 0 5 + + + + + + 
;.9 2 6 . 5 2 0 0 3 1 9 7 1 . 9 0 6 8 0 8 + + + + + 
7 . 2 8 5 4 1 2 , 3 9 5 5 4 1 9 6 3 , 2 7 6 8 1 9 + + 
U 7 . 2 6 9 5 2 9 . 4 3 9 6 4 1 9 6 3 . 9 8 6 8 3 2 + + + + + + 
^2 7 . 2 5 3 3 •J ' - J ' • 5' 3 5 5 1 9 5 8 . 7 1 6 3 4 8 + + + + + + + 
^3 7 , 2 4 5 1 3 5 - 0 8 8 3 6 1 9 5 7 - 3 9 6 8 5 2 + + + + + + + 
^4 7 . 2 0 6 0 2 5 , 5 6 0 8 4 1 9 4 6 . 8 3 6 3 8 4 + + + + + 
• c r ^» 7 . 1 9 6 3 3 1 , 0 2 9 9 3 1 9 4 4 . 1 9 6 3 9 2 + + -4-H- + + 
16 7 . 0 0 ^ 5 3 - 7 0 7 4 2 1 8 9 2 . 3 9 7 0 4 9 + 
1-7 5 , 2 0 2 1 3 2 - 3 5 5 0 4 1 4 0 5 . 4 3 O wt i.t + + + + + -f"4-
to 5 , 1 7 4 0 3 4 . 0 4 6 3 1 1 3 9 7 , 3 4 3 5 4 3 + + + + + + + 
^9 5 . 1 1 5 4 7 . 4 1 0 0 2 1 3 8 2 , 0 1 3 5 9 6 + 
5 . 1 0 0 7 3 - 8 8 6 6 5 1 3 7 3 . 0 5 8 6 0 3 + 
>1 3 . 9 3 G ? 3 . 0 4 9 9 8 1 0 7 5 . 5 1 9 5 2 5 + + 
j2 3 , 3 7 3 3 1 5 , 5 1 8 2 6 1 0 4 7 , 3 0 9 6 0 9 + + 
> 3-36-3 9 6 0 . 5 0 8 1 2 1 0 ^ 4 . 1 7 9 6 2 0 + + + + + + + +-+• + + •1-
i4 3 , 7 4 8 9 3 0 . 0 7 6 3 0 1 0 1 2 - 8 3 9 7 1 5 + + + + + + 
09-MAR-93 11: 37: 20 
, — J — , — [ . 
5 . 
I s 
1 ^ I 
r r m m m 
XAccumuIat ion*: 
; OBNUC IH 
• OFR 2 7 0 . 0 5 M.H2 
EXMOD riOM 
. POINT 32768 
; PWl 4 . 9 US 
i FREQU 5 4 0 5 . 4 Hz 
; SCANS 16 
ACQTM 3 .031 s e c 
! P D 1 .969 s e c 
1 SLVNT CDCL3 
1 
: i<Pnocessing*( 
i 
IB F 0 . 1 0 Hz 
! E X R E F 
1 
1 
7 . 2 5 ppm 
KPlOtK 
XS 
XE 
YG 
OPERATOR 
191 .4786 Hz 
2 7 0 1 . 6 6 3 0 Hz 
2 . 0 9 
PPM 
i n 
Appendix 11,7 
i^-hydroxy,9-propyl-fluorene (218) 
^10, PPM I N T ( V.) F R E Q ( H z ) P O S I T I O N BAR GRAPH 
1 7 , 6 5 1 3 7 0 - 1 9 7 0 1 2 0 6 7 - 2 5 6 4 5 8 + + + + + + + + + + + + + + 
/ 7 . 6 2 7 3 1 0 0 . 0 0 0 3 0 2 0 6 0 . 6 5 6 4 7 8 + + + 4 - 4 - + + + + + + + + + + + + + + + 
7 , 6 2 2 5 8 2 - 4 3 1 3 3 2 0 5 9 . 3 3 6 4 8 2 -f- + + + + + + + + + + + + + + - i -
4 7 . 6 1 1 5 7 2 . 0 7 4 5 4 2 0 5 6 . 3 6 6 4 9 1 + + + + + + + + + + + + + + 
/ - 5 9 3 1 4 0 . 4 1 3 1 6 2 0 5 1 , 4 1 6 5 0 6 + + + + 
7 , 5 8 ^ 5 3 3 . 2 5 3 4 3 2 0 5 0 . 4 2 6 5 0 9 + - } - + + + + + + 
— / . 5 0 3 9 3 3 . 7 1 8 3 1 2 0 2 8 . 6 5 6 5 7 5 + + + - H - - f + + 
"7 , ••i t-.l.v-J 4 4 . 3 2 1 1 7 2 0 2 1 , 3 9 6 5 9 7 + + + + + + + 
—T 
/ 3 6 . 4 3 4 07 2 0 0 2 . 2 6 6 6 5 5 + + + + + - ! - -H 
7 73 .7G3530 1 9 9 5 . 0 0 6 6 7 7 — + + - r - i - -t- -t- -(- - i - - r 4- + -1- -(-
„ 3 ^ 5 : J 8 2 . 3 4 7 1 9 1 9 3 7 - 0 3 6 7 0 1 H- + - r - + " i - + 4 - - f -H- - t" + H- -H-* - + 4--H-
L 
"T . 3 3 6 7 7 6 . 2 3 4 6 1 1 9 5 2 . 1 3 6 7 1 6 + + + - t - - ( - - J - - H - - I - + - I • - h - i - + + 
i -.. 7 . 3 3 1 3 7 5 , 7 2 6 0 0 1 9 8 0 - S I 6 7 2 0 + + 4 - + 4 - - } - + -+- + -+•+ + 
14 / ' " 6 3 . 5 0 6 7 6 1 9 7 9 - 3 2 6 7 2 3 + + + + + +-+^4-
J '"• 7 T ^ r« o 7 4 . 5 5 1 3 8 1 9 7 7 - 3 4 6 7 2 9 4 • + + + + + + ^ - ^ - - ^ • + + -^--^•^-
16 / , 3 1 4 7 6 4 . 3 3 7 6 6 1 9 7 6 . 1 9 6 7 3 4 + + + + + + + + + + + + + 
17 7 , 3 0 9 3 6 4 . 4 1 3 9 9 1 9 7 4 , 8 7 6 7 3 3 + + + + + + 4 - + + H- + + + 
JG 7 , 3 0 5 0 4 9 . 7 0 3 3 8 1 9 7 3 - 5 5 6 7 4 2 + + -(- + + + + + + + 
19 7 . 2 9 4 0 4 4 . 4 3 9 0 9 1 9 7 0 . 5 3 6 7 5 1 + + + + + + + -4- + 
23 7 , 2 3 9 1 3 3 . 3 9 5 7 9 1 9 6 9 - 2 6 6 7 5 5 + + + + + + + 
2 1 7 . 2 8 1 8 2 1 . 7 8 9 9 2 1 9 6 7 . 2 8 6 7 6 1 
7 . 2 6 7 1 1 4 . 1 5 7 7 7 1 9 6 3 . 3 2 6 7 7 3 + + + 
7 . 2 5 0 0 3 - 6 8 9 4 5 1 9 5 3 . 7 1 6 7 8 7 
^ /• — . 5 5 0 1 2 0 . 3 3 7 3 0 1 4 9 9 . 4 6 8 1 7 9 + + + + 
. 1 6 5 0 3 0 - 9 1 4 7 9 58 ' ] . 9 2 1 0 9 5 1 + + + + + -1-
' . 1 5 0 4 2 5 , 4 3 7 7 4 5 3 0 . 9 6 1 0 9 6 3 
. 1 3 6 9 2 7 - 0 3 3 9 3 5 7 7 . 3 3 1 0 9 7 4 ++-f- + + 
28 '^ . 1 1 3 6 2 3 . 3 5 3 7 3 5 7 2 . 3 8 1 0 9 8 9 + + + + + 
2 9 , 1 - 4 0 3 1 . 1 3 7 6 1 5 6 8 . 4 2 1 1 0 0 1 + + + + + + 
30 1 , 9 9 0 4 1 0 . 4 0 5 6 9 5 3 7 . 7 4 1 1 0 9 4 + + 
3 1 1 . 6 1 6 7 9 - 3 6 5 9 5 4 3 6 . 7 9 1 1 4 0 0 + + 
1 , 2 1 6 2 1 4 . 8 2 4 5 5 3 2 8 - 5 7 1 1 7 2 8 + + + 
1 , 1 3 3 1 2 4 . 6 0 9 9 0 3 2 0 - 9 8 1 1 7 5 1 + + + + + 
34 < 1 , 1 6 1 2 2 5 . 2 1 1 7 1 3 1 3 - 7 3 1 1 7 7 3 -!- + + + + 
3 5 4 J . . 1 3 4 4 1 4 . 2 6 5 3 3 3 0 6 . 4 7 1 1 7 9 5 + + + 
36 . 9 1 3 3 1 3 . 4 0 3 9 2 2 4 6 . 7 5 1 1 9 7 6 + + + 
717 0 . 3 8 2 3 2 2 . 2 3 7 1 9 2 3 8 - 50 1 2 0 0 1 + + + + 
3B Q . 3 7 3 6 1 9 . 3 0 4 7 3 2 3 5 - 2 0 1 2 0 1 1 + -!- + + 
3 9 0 . 3 5 7 2 2 3 . 0 2 2 1 7 2 3 1 . 5 8 1 2 0 2 2 + + + + • + 
40 0 . 3 4 1 3 1 6 . 6 S 2 7 3 2 2 7 . 2 9 1 2 0 3 5 + + + 
4 1 0 . 3 3 0 3 1 6 . 0 4 2 2 8 2 2 4 . 3 2 1 2 0 4 4 + + + 
42 0 . 7 6 5 6 4 7 . 7 2 6 0 5 2 0 6 - 8 3 1 2 0 9 7 + + + + + + + + 4 - + 
4 3 0 . 7 3 3 7 7 0 . 9 4 9 3 3 1 9 9 . 5 7 1 2 1 1 9 + + + + + + + + 4 - + + + + + 
44 0 . 7 1 1 8 2 7 . 2 3 3 0 1 1 9 2 . 3 2 1 2 1 4 1 4 - 4 - 4 - 4 - + 
2 1 - A P R - 9 3 11: 22: 45 
^^AccuIIl'Jlabion^^ 
2 7 0 . 0 5 MHz 
32768 
4 . 9 u s 
5 4 0 5 . 4 Hz 
16 
3 .031 s e c 
1.969 s e c 
0 .10 Hz 
7 . 2 5 ppm 
DBriUC 
OFR 
EXMOO NO; 
POINT 
PWl 
FREQU 
SCANS 
ACQTM 
PD 
SLVNT C0CL3 
K P r o c e s s i n g t ; 
EXREF 
« P l o t ) t 
171.3534 Hz 
2701 .6630 Hz 
3 . 6 3 
OPERATOR 
MO (CH0i.CH3 S lO-lfa 
u T \ j r u ^ - ^ j X D o a D ' « - « o i n r n r n r u r u - - ^ < 3 C ^ ^ 
o r u r u r u n j — . 
Appendix 11,8 
5-hydroyyl-5-phenylindeno 1,2-b) p y r i d i n e (.022.) 
PPM I N T C / , ) F R E Q ( H z ) P O S I T I O N BAR GRAPH 
e - 5 2 3 9 1 4 , 2 5 6 4 9 2 3 0 4 . 2 3 5 4 8 2 +++ 
3 , 5 2 4 0 1 4 , 4 5 4 9 1 2 3 0 2 . 9 1 5 4 8 6 +++ 
3 . 5 i C 6 1 4 „ 5 6 9 4 1 2 2 9 9 . 2 8 5 4 9 7 +--+ 
3 . 5 0 5 7 1 3 , 2 7 3 5 7 2 2 9 7 . 9 6 5 5 0 1 +++ 
/ . 0 0 — ^  1 2 . 9 5 ( 0 5 6 2 1 3 0 . 0 3 6 0 1 0 ++ + 
7 . 3 5 = 5 1 4 . 3 2 5 2 3 2 1 2 3 . 1 0 6 0 3 1 +++ 
7 . 6 ^ " - 3 1 3 . 7 6 7 4 1 2 0 6 5 , 3 7 6 2 0 6 +++ 
7 . 6 3 3 7 1 3 . 0 5 4 15 2 0 6 3 , 7 2 6 2 1 1 + + 
7 . 6 1 £.7 1 5 . 3 0 6 5 3 2 0 5 7 . 7 3 6 2 2 9 ••»- + + 
t . a l J . 0 1 3 . 7 1 3 3 2 2 0 5 6 . 4 6 / <-~t~"^ 0 -1. ._• 
7-4£:4:3 6 - 5 1 3 7 7 2 0 2 2 - 1 5 6 3 3 7 + 
7 . 4 6 2 3 1 4 . 1 0 2 5 3 2 0 1 6 . 2 1 6 3 5 5 + + + 
7 - 4 5 3 0 1 4 . S 9 1 9 3 2 0 1 4 - 8 9 6 3 5 9 + + + 
7 . 4 3 6 3 1 1 . 3 9 0 4 7 2 0 0 3 - 9 5 6 3 7 7 + + 
7 . 4 2 ? 9 1 1 . 9 4 3 4 3 2 0 0 7 . 3 0 6 3 3 2 + + 
7 , 4 2 3 3 7 . 8 3 9 9 4 2 0 0 5 . 6 5 6 3 8 7 -t--r 
7 . 4 1 7 7 9 . 5 9 6 5 0 2 0 0 4 - 0 0 6 3 9 2 
7 . 3 9 5 7 1 5 . 9 7 9 3 1 1 9 9 8 . 0 6 6 4 1 0 + + + 
7 . 3 6 E 3 1 0 . 9 4 3 5 8 1 9 9 0 . 8 1 6 4 3 2 + + 
7 . 3 4 5b 2 0 . 6 3 2 3 1 1 9 8 4 . 5 4 6 4 5 1 + + + + 
7 . 3 1 3 7 1 2 - 2 6 7 0 1 1 9 7 7 - 2 3 6 4 7 3 
7 . 2 7 1 I 4 5 , 4 1 7 2 5 1 9 6 4 , 4 1 6 5 1 2 + + + -»-+ + + + + 
—' r-i c » 1OO.0OOQG 1 9 5 9 - 7 7 6 5 2 6 + + + + + + j - - , . + H - , - - t -
7 , 2 3 2 3 2 7 . 4 0 6 5 3 1 9 5 3 . 8 6 6 5 4 4 + + + + + 
/ , - i 1 8 - 5 5 4 2 3 1 9 5 0 - 8 9 6 5 5 3 + + + + 
7 , 2 1 3 7 1 3 . 6 5 9 7 6 1 9 4 8 . 9 1 6 5 5 9 + + + + 
7 .2C-27 9 . 5 3 5 7 3 1 9 4 5 . 9 4 6 5 6 8 + + 
6 . 5 3 4 3 4 4 - 2 0 2 7 2 1 7 6 5 . 4 7 7 1 1 5 +++++++++ 
-t- -r + + • 
2.1« 
ri to J - o 
vn 
o 
o 
o 
tn 
cn 03 
cn 
o o ! o 
i ; } 
I 
t 
t 
i 
1 6 - : c ' - 0 2 1*^ : 35: 02 
1 It" ' I- 1-
' 03: . : 
iOFA 
32 -68 
i ?'.<: 5 . 0 -.-s 
: F R ^ : -- i i^OS. . ; r.Z 
! s c ; - s 16 
j - ICG ' : : 3 .031 s e c 
1.965 s e c 
i s : . - ' 
1 
1 
i 3 F 0 .10 H: 
! E X R E F 2 . 5 0 ppin 
XS 8 6 . 3 3 2 2 H: 
XE 2 ' '01 .6640 H: 
VG 2 . 9 0 
0:-E=.i^OR 
ppy. 
cr 
?7 
oxdaxo r r -~ r r . 
Appendix I I . 9 
5H-indeno 1,2"b pyridiner : 5-one oxime (224) 
p p h I NT ( 7.) F R E a ( H z ) P O S I T I O N BAR GRAPH 
8 . 6 1 8 1 4 0 , 5 4 7 5 2 2 3 2 8 . 3 1 5 4 0 7 + + + + + + + + 
8 , 6 1 2 0 5 5 . 2 1 7 0 7 2 3 2 6 - 6 6 5 4 1 2 + + + + + + + + + + + 
8 . 5 9 9 8 4 3 , 7 3 1 2 7 ^ O - i -J- . o / 5 4 2 2 + + + + + + + + + 
8 - 5 9 2 4 7 0 , 3 3 8 3 3 2 3 2 1 . 3 9 5 4 2 8 + + + + + + + + + + + + + + 
8 . 5 8 6 3 3 2 . 8 3 2 0 6 2 3 1 9 - 7 4 5 4 3 3 + + + + + + + 
8 - 5 7 7 3 5 4 . 7 4 1 3 2 2 3 1 7 , 4 3 5 4 4 0 + + + + + + + + + + + 
8 , 5 7 1 7 5 4 . 5 0 3 0 9 2 3 1 5 , 7 8 5 4 4 5 + + + + + + + + + + + 
3 , 5 6 3 0 3 4 . 2 4 0 3 9 2 3 1 4 . 7 9 5 4 4 3 +++ ++-1-+ 
8 . 5 4 3 5 5 1 - 0 5 7 5 0 2 3 0 9 - 5 1 5 4 6 4 + + + + + + + + + + 
3 , 5 4 3 6 3 3 . 7 7 7 7 0 2 3 0 8 - 1 9 5 4 6 8 + + + + + + + + 
8 . 4 0 9 3 2 1 . 5 5 6 2 5 2 2 7 1 - 9 0 5 5 7 8 + + + + 
8 . 4 0 5 6 1 5 . 2 4 7 1 3 2 2 7 0 . 9 1 5 5 8 1 - * - + + 
3 . 3 8 4 3 2 2 . 3 7 7 1 4 2 2 6 5 . 3 0 5 5 9 3 + + + + + 
3 , 0 7 3 4 2 5 , 6 4 3 2 3 2 1 3 1 , 1 7 5 8 5 3 + + -1-+ + 
8 . 0 6 3 5 2 5 . 1 6 0 3 7 2 1 7 9 , 3 5 5 8 5 7 
3 . 0 4 5 3 3 0 , 4 7 1 5 5 2 1 7 3 . 5 3 5 3 7 6 
a , 0 3 9 2 2 5 , 3 7 3 1 1 2 1 7 1 . 7 3 5 3 8 1 + + - ; - + + 
7.96- - ;6 1 7 , 3 3 3 6 1 2 1 5 3 - 1 3 5 9 3 3 + + + + 
7 . 7 6 6 0 1 7 . 4 5 1 2 3 2 1 5 2 . 1 4 5 9 4 1 + + + + 
7 .9-1 52 1 6 - 9 7 3 7 4 2 1 4 6 , 5 3 5 9 5 3 ++•+-
7 . 9 4 0 3 2 2 . 6 4 4 3 7 2 1 4 5 , 2 1 5 9 6 2 -I- + + + H-
7 . 9 0 9 3 2 1 3 6 - 9 6 5 9 3 7 + + + 4- + + 
7 . 9 0 4 7 3 6 - 0 3 7 3 3 2 1 3 5 , 6 4 5 9 9 1 + + + + + + 
7 . 3 3 6 6 2 5 , 5 7 5 0 3 2 1 3 0 , 6 9 6 0 0 6 + + + + + 
7 , 3 3 1 7 3 7 , 2 1 0 6 4 2 1 2 7 , 3 7 6 0 1 0 + + + + + + + 
7 , 3 1 3 3 3 2 , 9 6 5 9 7 2 1 1 0 - 7 0 6 0 6 6 + + + + + + + 
7 . 8 0 3 4 2 1 , 6 0 7 7 6 2 1 0 9 - 5 8 6 0 7 0 + + + + 
7 . 7 7 0 1 4 3 . 3 0 7 0 7 2 1 0 4 , 6 3 6 0 3 5 + + + + + + + + + 
7 . 7 3 6 5 3 2 . 5 7 6 5 6 2 1 0 3 . 6 4 6 0 8 3 + + + + + + 
7 . 6 3 3 3 9 . 7 1 5 7 7 2 0 6 2 , 4 0 6 2 1 3 
7 . 6 2 3 7 1 1 , 1 0 7 5 4 2 0 6 1 , 0 3 6 2 1 7 + + 
7 . 6 0 5 7 2 3 , 9 9 7 9 7 2 0 5 4 , 8 1 6 2 3 6 + 4- + -4- + 
7 . 6 3 2 1 2 4 , 3 7 7 4 3 2 0 5 3 , 3 2 6 2 3 9 + + + + + 
7 . 5 3 0 1 2 0 - 9 2 0 4 6 2 0 4 7 . 8 8 6 2 5 7 + + + + 
7 . 5 7 4 0 1 9 . 6 4 7 5 8 2 0 4 6 - 2 3 6 2 6 2 + + + -1-
7 . 5 6 3 0 2 4 - 7 3 3 4 9 2 0 4 3 , 2 6 6 2 7 1 + + + + + 
7 , 5 5 3 1 3 0 , 0 0 3 9 5 2 0 4 1 , 9 4 6 2 7 5 + + + + + + 
7 , - 5 3 4 9 5 6 , 0 3 3 3 9 2 0 3 5 , 6 3 6 2 9 4 + + + + + + + + + + + 
7 , 5300 . 5 3 - 5 4 0 5 0 2 0 3 4 - 3 6 6 2 9 8 + -t- + + + + + + -f- + + 
7 . 5 0 3 0 5 9 - 1 6 5 7 9 2 0 2 3 - 4 2 6 3 1 6 + + + + -h + + + -4-4- + + 
7 , 5 0 0 7 5 0 , 2 5 6 4 3 2 0 2 6 . 4 4 6 3 2 2 + -{- + + + + + + -1- + 
7 . 4 7 3 7 4 1 , 0 9 3 4 9 2 0 2 0 , 5 0 6 3 4 0 + + + + + + + + 
7 . 4 7 3 3 ""A r-i -i £. -T •J'^l- , 7 J . O-J - 2 0 1 9 . 1 3 6 3 4 4 + -»• + +-+-+ + 
7 . 4 5 1 7 1 4 , 7 9 7 0 2 2 0 1 3 - 2 4 6 3 6 2 H- + -i-
t , t *T ^ l<j 1 1 . 3 3 6 9 4 2 0 1 1 , 9 2 6 3 6 6 + + 
/ . 4;^ '--j / 4 6 , 7 7 3 9 5 2 0 0 1 . 0 3 6 3 9 9 + + +"f- + - l - + + V 
o ~7 * 4 4 . 2 4 2 0 1 1 9 9 5 . 7 5 6 4 1 5 + + + + + + + + + 
7 . 3 7 7 4 4 3 . 7 3 0 5 7 1 9 9 3 - 1 2 6 4 2 3 + + + + + + + + + 
7 , 3 6 5 2 _'T'7 ' \0J '^ T* 1 7 8 7 . 3 2 6 4 3 3 + + + + + + 
7 , 3 5 7 0 4 6 . 4 1 3 3 5 1 9 3 3 . 1 7 6 4 3 3 + + + + + + + + + 
7 . 3 ^ 6 3 2 8 . 4 9 2 3 0 1 9 3 4 , 8 7 6 4 4 3 + + + + + + 
7 . 3 3 7 1 2 6 , 9 1 0 6 2 1 9 3 2 . 2 3 6 4 5 6 + + + + + 
7 . 3 1 3 7 2 6 , 0 9 1 2 3 1 9 7 7 - 2 3 6 4 7 1 + + + + + 
2)Oo 
o 
o 
o \ n 
ri m .i- o r tn" 
/——^ . 
OD a: .-O 
03 fr — 
Ol 
— m 
i i 
r 
0 7 - D E C - 9 2 09: 33: 24 
+fAccumulation*i 
03NUC IH 
GFR 2 7 0 . 0 5 MHz 
cXMOD NON 
POINT 32758 
PWl 4 . 9 us 
FREQU 5 4 0 5 . 4 Hz 
SCANS 16 
ACQTM 3 .031 s e c 
?D 1.969 s e c 
SLVNT DMSD 
Jt?nocessing?( 
3F 0 . 1 0 Hz 
EXflEF 2 . 5 0 ppm 
x s 
XE 
YG 
- 4 0 0 . 6 2 7 3 Hz 
3674 .2630 Hz 
2 . 9 4 
OPERATOR 
O 
rrrrf^fffmYi r n iTiTrrn iTn 
Appendix 11.10 
5H-inQeno 1 , 2 - b l p y r i d i n e - 3 - o n e 4-chlorobenzyloxime (1X6 ) 
367. : 
7 . -344 
7 . 3 3 5 , 
I N T ( 7 . ) 
1 6 . 0 2 7 7 8 
9 9 9 6 7 
5 6 4 7 1 
1 0 3 2 4 
3 1 3 1 2 
9 1 Q 5 1 
7 4 4 5 4 
7 3 4 4 4 
5 6 9 3 7 
9 6 1 9 7 
6 3 0 1 2 
1 7 , 7 3 1 4 3 
1 1 . 4 7 3 ' ? 6 
1 1 . 3 9 4 3 5 
1 1 . 5 1 3 6 3 
I B 
16 
19 
14 
13 
14 
12 
9 
9 
3 
3 8 6 2 0 
9 6 5 6 3 
1 1 0 9 2 
7 1 7 5 9 
4 . 6 5 0 1 8 
4 . 7 3 4 9 5 
7 3 3 6 7 
2 5 6 2 4 
6 0 0 6 4 
9 2 6 3 5 
3 4 6 0 4 
6 2 6 6 3 
1 5 6 4 4 
8 9 9 2 3 
6 6 9 9 7 
2 9 5 6 5 
7 4 5 9 1 
4 3 3 9 9 
4 0 9 1 2 
1 4 5 5 3 
0 0 0 0 0 
5 8 9 2 5 
9 9 9 4 7 
7 3 4 2 6 
4 1 7 0 9 
8 0 9 2 1 
5 4 4 9 5 
5 6 3 8 4 
3 5 4 1 7 
8 3 3 7 2 
7 7 9 8 4 
9 . 0 6 4 3 8 
1 2 . 4 5 3 9 1 
5 2 . 3 7 7 2 2 
7 1 . 6 5 9 1 3 
11 
12 
12 
12 
10 
10 
10 
14 
14 
18 
19 
16 
2 4 
2 8 
4 3 
57 
3 2 
3 4 
1 0 0 
16 
7 , 
1 1 
2 1 , 
1 0 , 
1 4 , 
1 0 . 
2 0 , 
1 3 . 
F R E Q ( H z ) 
2 3 1 1 - 4 2 
2 3 0 9 . 7 7 
2 3 0 6 . 1 4 
2 3 0 4 . 8 2 
2 2 6 9 - 5 2 
2 2 6 7 . 8 7 
2 2 6 1 . 6 0 
2 2 6 0 . 2 3 
f-\ t-
^ ^ w* • 
2 1 6 6 . 
2 1 5 3 . 
2 1 5 6 . 
2 1 5 0 . 
2 1 4 3 . 
2 1 4 6 . 
2 1 3 9 . 
2 1 0 8 . 
2 1 0 1 . 
2 0 3 8 . 
2 0 3 7 . 
2 0 3 1 . 
2 0 3 0 . 
2 0 2 2 . 
2 0 1 5 . 
2 0 1 4 . 
2 0 O B . 
2 0 0 7 . 
200: 
3 7 
2 3 
2 5 
6 9 
4 2 
7 7 
7 9 
2 0 
52 
59 
9 0 
58 
7 4 
8 1 
49 
55 
•jf m 9-.l;« 
, 10 
4 5 
, 14 
8 3 
2 0 0 0 . 9 6 
1 9 9 9 . 6 4 
1 9 9 7 . 3 3 
1 9 9 5 . 3 5 
1 9 9 3 . 7 1 
1 9 9 2 . 0 6 
1 9 9 0 . 4 1 
1 9 8 8 
1 9 8 6 
1 9 8 4 
1 9 8 1 
1 9 5 9 . 7 2 
1 9 4 0 . 9 2 
1 9 3 8 . 6 1 
1 9 3 5 . 9 7 
1 9 3 3 . 3 3 
1 9 3 1 . 0 2 
1 9 2 8 . 3 8 
1 9 2 5 . 7 4 
1 4 5 9 . 5 6 
1 4 5 4 . 2 9 
300-
P O S I T I O N 
5 7 2 0 
5 7 2 5 
5 7 3 6 
5 7 4 0 
5 8 4 7 
5 8 5 2 
5 3 7 1 
5 3 7 5 
5949 
5 9 7 2 
6 1 6 0 
6 1 3 4 
6 1 3 9 
6 2 0 3 
6 2 1 3 
6 2 1 9 
6 2 4 2 
6 3 3 5 
6 3 5 6 
6 5 4 6 
6 5 5 0 
6 5 6 9 
6 5 7 2 
6 5 9 5 
6 6 1 6 
6 6 2 0 
6 6 3 3 
6 6 4 2 
6 6 5 2 
6 6 6 1 
6 6 6 5 
6 6 7 2 
6 6 7 3 
6 6 8 3 
6 6 8 8 
6 6 9 3 
6 7 0 0 
6 7 0 5 
6 7 1 2 
6 7 1 9 
6 7 8 6 
6 8 4 3 
6 3 5 0 
6 8 5 8 
6 3 6 6 
6 8 7 3 
6 8 3 1 
6 8 8 9 
8 3 0 2 
8 3 1 8 
BAR GRAPH 
+++ 
+ + + + 
++ + 
+++ + 
+++ 
+++ 
+ + + 
+ + + 
++ 
+ + 
++ 
+ + + 
+ + 
+ + 
+ + 
+ + •+• 
+ + + 
+ 
+ 
+ + 
+ + 
+ + 
+ + + 
+ + -r 
+ + + 
+ + + + 
+ + + 
+ + + + -r 
+++++-;-
++++-1-*+++ 
+ + + + + - » - + + + + + 
+ + + + -!- + 
+++++++ 
+++++++++++++ 
+ + + 
+ + 
+ + 
+ + + + 
+ 
+ + + 
+ + 
+ + + + 
+ + + 
+ + 
+ + 
-•- + -•- + + + + + + + 
+ + + -•- + + + + + + + + + • 
26-N0V-92 U : 19:07 
j (Acc- jmula: ion*( 
. OBNUC IH 
OFR 
EXMOO NO 
. POINT 
I PWl 
: FREQU 
I SCANS 
: ACQTM 
, PD 
SLVNT CDC[_3 
2 7 0 . 0 5 MHz 
3276S 
5 4 0 5 . H z 
16 
3 .031 s e c 
1.969 s e c 
x P n o c e s s i n g J t 
0 .10 HZ 
0 .00 ppm 
BF 
EXREF 
K P l o t x 
OPERATOR 
- 3 9 5 . 3 0 7 8 Hz 
1080 .6650 Hz 
2 . 6 2 
.11 M. . . . I I 
•7^  'I 
I ! I ! I I M i! I l l r r r n n 
UJJXDCOCPaXDCCCDCD 
3 : 
OCT) 3 . 
Appendix I i > 1 1 
92-bj py r i d i n e - 5 - o n e 2,4-Qichlorobenzyloyime (226 j 5H-indeno 
O-CH- OL 
5 
I . 
7 
3 
o 
1 0 
1 4 
-1 c: 
1 6 
1 7 
1 3 
1 9 
2 4 
M2 
7 W l f 
Hi 
M 8 
/ * 3 - 5 3 9 3 
FR[£a? Hz ) BAR 3r.*.-
1 5 - 1 4 0 3 7 2 3 2 i 5 5 3 5 6 9 9 
r r j j . 1 7 . 2 1 7 9 6 5 7 0 4 
•-'> c —' <-< 
O u _ i / O 2 1 ^ . 9 9 1 0 3 2 3 1 6 - 9 0 5 7 1 0 ^ + - ! - * • 
O — 1 ir^ 
n: a / ,1 u 
3 1 . 9 3 7 1 3 2 3 1 5 , 5 3 5 7 1 4 -!-++•;-- -
3 . 5 6 4 8 1 7 ^ 6 6 0 5 6 2 3 1 3 - 9 3 5 7 1 9 
) 3 . 5 5 7 5 2 0 = 1 5 3 0 0 2 3 1 1 , 9 5 5 7 2 5 + + + + 
S 3 - - r v ^ - 3 . . 2 C : : 3 2 3 1 G : ; . 3 0 5 7 3 0 
O / ' .—I '"^ /" 
-J? . ^ O w T J 1 3 . 4 2 9 4 5 2 2 9 1 , 1 7 5 7 3 3 4- - i - - i 
3 n / 4 5 1 2 ^ 0 5 5 3 3 2 2 3 9 = 5 2 5 7 9 3 '\~ "•• 
Q c ; c: 
•—' T -r I-'.;: ' J - , 7 £^ O — 
^ ^ ^ c c"i 
5 3 1 1 
B . 4 4 6 ^ •* -"^ J —r rr. J . / fej ^ L' p -• '-7 d • ^ / J O X C j 
3 . 3 ^ 1 4 1 6 , 6 2 3 6 2 . L . ^ « u." 5 9 0 2 + -1-
^ 3 . 3 1 4 5 1 6 - 9 6 8 0 2 2 2 4 6 „ 3 0 5 9 2 4 ^-•--!-
/ ^ 3 = 0 4 2 2 1 0 - 3 1 7 3 0 2 1 7 2 „ 7 3 6 1 4 7 
3 . - 0 1 5 3 1 2 . 4 1 9 4 4 . 2 1 6 5 o 4 7 6 1 6 9 + r-
3 , 0 0 5 5 1 6 , 3 0 6 9 3 2 1 6 2 - 3 3 6 1 7 7 + + 
7 « 9 9 9 4 1 5 , 0 9 2 6 0 2 1 6 1 . 1 8 6 1 8 2 
/ 7 . 9 7 6 2 1 5 - 8 5 7 2 2 2 1 5 4 - 9 1 6 2 0 1 + + - ; • 
7 „ 9 7 1 4 1 6 , 0 6 8 1 3 2 1 5 3 „ 5 9 6 2 0 5 
1 0 , 4 3 7 4 6 2 1 5 0 . 9 5 6 2 1 3 
l( i i» 6 5 9 3 3 2 1 4 3 „ 6 9 6 2 3 5 
7 , 8 0 3 9 1 2 . 4 6 5 7 5 2 1 0 9 „ 7 1 6 3 3 3 -r-{-
7 . 7 3 2 1 1 3 o 2 0 2 6 5 2 1 0 2 - 4 5 'iJ 
/ 7 . 5 3 4 2 3 . 1 9 5 7 3 2 0 4 ? „ 0 1 
^ / . , , , , 
" ••- ... V . . 0 :^ • v.. 1 — L -. -T ,". 65^1-5 
•- • ; • - 1 . . ; . J L „ 
-> - J E 1 ^ ^ 5 "'2 6 tL. t . J n - J ' 6 : 6 S -. -V-^ 
7 ,. r 1^ 2 1 2 ,. 5 5 1 5 0 21^32.. 51 •[••-;--• 
— - J •• 
3 . 1 3 6 5 0 2 0 2 9 . 2 1 • t: -C> 0 c:. 4:1 
—' '21,-^1 J- -. , - 1 —r.—"-• " T 
\ I / -Ij .-• 
. " , ,-!» —7 
6 5 3 6 
.- - T .-• 7 . 7 5 3 3 6 2 Z ' 2 5 - A?;- 6 6 0 3 
2 2 . ^ 5 7 4 5 • . ,•• J t—1 -r 6 6 1 5 -!-•.---!-
. 4 5 3 6 . 262=34 - —T H '.y • / . i . 6 6 2 9 - f ! - . * . . . ! -
'7 .ll-'LT ^. r: "T " 
.• / 7 t.- — (L' J. i_. J. a t." CJ C - : - J - + 4 - - I -
7 . ^'-A-toi c>dj4C'V - ! - • ; - + - : • + 
' T ' n - ~7 
— -_• 1, •„ v_- / / V 2 0 0 6 , 1 2 6 6 5 2 
7 = 4 2 / ) 6 1 3 , •" 2 9 > T 3 6 6 5 6 
7 .397--^ 1 *•- 19' -?S „ 5 3 .A T;~. -;. J_ 
•f T f..". T * : " 1 9 9 " 7 _ 2 1 r: i :7 '^ - V - ! - - r 
~ .L '"- ' T -' -^  •; iZ'Ci- : • " * ' 7 i / • B / 6 6 9 7 
• = '^'hZ- ••' . . L l 3 1:1 — '— .' J .- %^  6 7 ' Z i i 4 -
— • — . r - r - i - ' 
• = ^CZ'Z.- .- 2 9 „ - ^ 0 2 9 3 ^ '^AO ~ 6 7 6 4 -r + 4 - 4 - 4 - . -
2 3 , 9 1 2 5 6 1 9 6 7 , 5 2 6 - 7 6 9 -T 4- -"- -r -r 
- 2 6 1 ~ _ \~- .c. 1 ^ii- • 6 / 3 6 ^ _v _^  ^ _:. ^ 
2 2 . ' 2 > 5 ^ 3 3 1 ^ 6 0 - 9 2 •Zi f —. -r - ! - 4 - 4 - - I -
~7 !r r.s v-' 
/ - •_ ' - \~z •p' •'/ :_i j _ 
"•• _ ,•2239 ' --l . - i ' " .;:-3 1 3 
•' u ,1.'- ^ J . 2 3 - 2 5 : ^ 7 2 • ^ - T " ^ .•.-•327 - 1 - 4 - - I - - — 
" " . 2 0 0 8 .".5 • .-:-Z'6 ."•7 • - - r . 
Appendj.x 11.11 (cont'd) 
. 1 9 3 5 1 x.> . 76:^^?i 1 V 4 3 . ^ 3 6 c i ^ 2 
r l S 2 r . ry. • •• 7 6 3 5 1 
. 16' . ' 4 — 1- 3 4 6 3 6 5 
' "~ ""^ J , •!• - O - / X, S . 1 9 6 ' r ^ - . - - - - • • - * r r-'" 
f7- * - -• -• X4?i_ 4 4 3 2 1 2 -:—r- r - t -
306 
0 3 - S E P - 9 1 11: 17: 07 
JtAccumulationJ* 
OBNUC IH 
OFR 2 7 0 . 0 5 MHz 
EXMOD NON 
POINT 3276B 
PWl 5 . 0 u s 
FREQU 5 4 0 5 . 4 Hz 
SCANS 16 
ACQTM 3 .031 s e c 
PD 1.969 s e c 
SLVNT CDCL3 
*(Ppocessing*( 
BF 
E X R E F 
0 . 1 0 Hz 
5 . 5 4 ppm 
174.2260 Hz 
2 7 0 1 . 6 6 3 0 Hz 
1.98 
I 
OPERATOR 
8 
Appendix 11.12 
Pluorenone oxime {2Xn ) 
2 M-OH 
/I 
3 
26 
2 7 
23 
2 9 
30 
3 1 
PPM I N T ( y , ) FREQ(H z ) P O S I T I O N BAR GRAPH 
8 1 2 9 - 0 . 3 4 4 5 7 3 4 6 1 . 6 3 2 0 4 5 
'-} 6 5 5 4 1 0 0 - 0 0 0 0 0 3 4 1 9 . 0 7 2 1 7 4 ++++++++++ 
2 . 4 9 7 9 0 . 6 5 4 6 4 3 3 7 6 - 5 1 2 3 0 3 
3 . 4 6 6 3 4 4 . 9 5 9 7 9 2 2 3 7 , 44 5 6 0 4 +++++++++ 
3 . 4 3 3 7 4 4 . 3 2 9 1 4 2 2 7 9 . 8 5 5 6 2 7 + + + + -!-•+• + + + 
2 7 3 7 0 r-. - r T fS , - J * O / O 2 2 3 6 , 6 3 57 53 
3 . 0 . 4 5 3 6 4 ^ *—* 39 5 7 3 3 
G . 2'?)3Q 0 . 5'66 7 1 2 2 1 6 , I o 5 3 2 0 
. 1 7 6 2 0 . 6 ^ 6 4 6 2 2 0 3 , 9 2 5 3 4 2 
O , 1 5 5 4 0 - 6 3 4 6 3 2 2 0 3 , 3 1 5 3 5 9 
O - 1 2 3 6 0 , 3 9 2 6 0 2 1 9 4 , 7 3 5 3 3 5 
3 . 0 9 3 1 J . . 0 3 5 3 0 2 1 3 6 . 4 9 5 9 1 0 
7 . 9 5 1 5 45 , 3 3 9 0 C 2 1 4 8 . 6 0 2 6 + + + + H - - f - + + + 
7 . 9 2 3 4 54 , 4 2 1 3 4 2 1 4 0 . 6 3 6 0 4 9 + + •+•++++-4-^~^-
7 , 9 0 3 7 46 - 9 5 9 9 9 2 1 3 6 , 6 7 6 0 6 1 +++-^-+++^-^-
7 . 3 3 0 6 47 , 4 8 3 6 2 2 1 2 9 . 0 8 6 0 8 4 ++++++++++ 
7 . 8 2 3 2 4 3 . 3 6 9 9 9 2 1 1 3 , 57 6 1 3 1 + + + + + + + + 
7 . 7 9 5 1 46 . 1 3 9 4 9 2 1 0 5 . 9 9 6 1 5 4 +++++++++ 
7 . 7 3 0 4 1 . 2 4 3 6 9 2 0 8 8 . 50 6 2 0 7 
7 . 7 0 1 1 1 - 8 6 0 8 3 2 0 8 0 . 5 8 6 2 3 1 
7 , 6 7 4 2 ^ . 4 1 3 5 1 2 0 7 3 , . 6 2 5 3 
7 . 6 5 7 2 . 5 5 9 7 8 2 0 6 3 , 7 0 6 2 6 7 + 
7 . 5 9 4 9 2 1 , 1 3 6 7 3 2 0 5 1 . 8 3 6 3 1 3 + + -4- + 
7 , 5 9 1 2 . 0 6 2 6 5 2 0 5 0 . 8 9 6 3 2 1 + + + + + 
7 . 5 6 6 8 46 . 5 5 8 4 4 2 0 4 4 , 2 9 6 3 4 1 + + + + + + -*- + + 
7 . 5 6 3 1 47 . 6 7 0 8 3 2 0 4 3 . 3 0 6 3 4 4 ++++++++++ 
7 . 5 3 3 7 3^' , 7 2 1 7 5 2 0 3 6 . 7 0 6 3 6 4 +++++++ 
^ 
/ , 5 3 5 0 3 5 . 5 3 2 3 7 2 0 3 5 , 7 1 6 3 6 7 + + -»- + + + + 
7 , 5 3 1 4 2 9 . 9 6 6 6 1 2 0 3 4 . 7 2 6 3 7 0 + -!- + -*- + -*-
7 . 5 2 6 5 2 6 . 1 6 1 7 1 2 0 3 3 . 4 0 6 3 7 4 + + + + + 
7 , 5 0 2 1 49 , 1 8 8 4 8 2 0 2 6 - 8 0 6 3 9 4 + + + -r + + + + + + 
7 . 4 9 3 4 50 . 1 4 5 2 9 2 0 2 5 - 8 2 6 3 9 7 ++++++++++ 
7 . 4 9 1 1 3 9 , 4 4 2 2 5 2 0 2 3 . 8 4 6 4 0 3 + + -*- + + + + + 
7 . 4 3 7 4 3 8 , 3 2 2 1 7 2 0 2 2 . 8 5 6 4 0 6 ++++++++ 
7 . 4 7 5 2 37 . 9 6 6 5 0 2 0 1 9 - 55 6 4 1 6 + + -4-+ + + + + 
7 . 4 7 1 5 3 7 . 6 4 9 6 7 2 0 1 3 - 56 6 4 1 9 ++++++++ 
7 . 4 6 3 0 49 . 8 2 5 4 0 2 0 1 6 . 2 5 6 4 2 6 ++++++++++ 
7 . 4 5 9 3 49 . 4 7 7 2 5 2 0 1 5 , 2 6 6 4 2 9 + + ++ + + + -?- + + 
7 , 4 3 9 3 39 . 4 1 1 2 4 2 0 0 9 - 9 8 6 4 4 5 + + + + + + -*- + 
7 . 4 3 6 1 49 . 4 3 9 8 5 2 0 0 3 - 9 9 6 4 4 3 + + + + + + + + -»- + 
7 , 4 1 2 9 44 . 6 0 0 5 9 2 0 0 2 . 7 2 6 4 6 7 +++++++++ 
7 . 4 0 7 3 4 3 . 9 2 5 4 8 2 0 0 1 , 7 3 6 4 7 0 +++++++++ 
7 . 3 8 6 1 16 . 4 9 3 3 5 1 9 9 5 . 4 6 6 4 8 9 + + + 
7 . 3 8 2 4 16 . 1 0 0 3 0 1 9 9 4 - 47 6 4 9 2 + + + 
-4- + + + + + + -r + 
3on 
CD 
o 0-
:0V-92 15: 25: ^3 
^ A - c c - . - n - j l a t i O p T 
0.-n 
£>::-:o:: ;:n:: 
p o : ; : ' 
PWl 
FREQ'J 
SCA::S 
ACQ::-; 
S L * . : : : J:'SO 
32-e.8 
^;.9 
5 .0^: .^ 
15 
3.03'. 
1.969 
sec 
sec 
^PrcccsEinQH 
3F 
E ; ; R E F 
K p l O t s 
XS 
XE 
YG 
OPEnA'O; 
0 . 1 0 
2 . 4 9 
- 3 5 1 . 8 3 8 0 
3624 .9270 
2 . 5 5 
ppm 
OH, 
10 
PP:-! 
Appendix 11.13 
5-acetamido,5H- indeno 1 , 2 -b ]pyr id ine ( X 3 0 ) 
M-3 
H ' l S / I 
I N r { 7 . ) F R E G K H z ) P O S I T I O N B A R G R A P H 
3 . 0 3 0 2 5 2 5 0 0 . 9 9 3 9 3 1 + 
O 1 - T 
7 , 1 / / 2 3 4 7 . 2 4 4 3 9 7 
+ + 
7 . 4 5 0 ^ 1 2 3 3 2 . 0 7 4 4 4 3 + 
7 . 7 1 : : . 16> 2 3 3 0 . 4 2 4 4 4 8 ++ 
7 . 6 - " B ^ A 2 3 2 7 . 1 2 4 4 5 3 ++ 
7 . - M ' - 7 2 2 3 2 5 . 4 7 4 4 6 3 •1-
7 . VfrT-'oO 2 2 0 5 . 0 5 4 0 2 8 
7 . 2 7 2 ' j 2 2 1 7 ^ 3 : 4 5 413 4 3 + 
7 . -u...2.;:2 2 1 5 4 - 2 4 49»:'32 •1-
V ,;3L^;33? 2 1 4 6 - 6 5 5 0 0 5 > + 
6 . ^-l-V^': 2 0 7 7 , 1 6 5 1 5 5 + 
7 , 7 2 5 0 4 2 0 3 7 . 9 1 5 1 7 7 + + 
3 . 4 2 : 4 ' ? 2 0 4 0 - 0 9 5 3 2 3 
2 . 9 » 3 7 3 I 3 2 0 0 7 . 4 3 5 4 2 7 + 
7 . l B f J 3 - l 2 0 0 0 . 1 7 5 4 4 9 + 
1 0 . 9 6 5 0 ^ 1 9 9 3 . 7 0 5 4 6 3 
1 0 . 5 9 5 5 1 1 9 9 1 . 9 2 5 4 7 4 + + 
8 . 3 3 9 6 2 1 9 8 6 . 3 1 5 4 9 1 + 4-
7 . 1 3 0 0 9 1 9 8 4 . 6 6 5 4 9 6 + 
2 . 8 5 9 S 4 1 9 7 8 . 7 2 5 5 1 4 + 
—7 -r"-\i->-"-T 
/ . J ' ^ O / / 1 9 4 0 - 7 8 5 6 2 9 + 
? . 2 / J 1 6 - 7 1 7 2 1 . 3 2 5 6 3 6 
9 . 1 6 1 2 ' - ' 1 9 1 6 . 3 7 5 7 0 3 + + 
8 . 3 1 7 5 5 1 9 1 3 - 7 3 5 7 1 1 + + 
3 . 3 6 4 ^ 1 1 9 0 8 . 7 8 5 7 2 6 + + 
8 . 0 7 7 0 2 1 7 6 3 . 9 5 6 1 6 5 + + 
7 - 7 3 6 8 3 1 7 5 5 . 7 0 6 1 9 0 + + 
4 2 . 9 0 3 0 2 5 5 3 . 0 2 1 0 7 8 3 + + + ++ + + + •+• 
1 E 0 . 0 0 0 0 0 5 3 5 - 2 0 1 0 3 4 2 + + 4- + + + + + + -
3oq 
20-JAN-93 10: 26: 44 
xAccu(nulation)( 
OBNUC IH 
OFR 270.05 MHz 
EXMOO NGN 
POINT 3276B 
PWl 4.9 us 
FHEQU 5405.4 Hz 
SCANS 16 
ACQTM 3.031 sec 
PO 1.969 sec 
SLVNT C5D5N 
0.10 Hz 
7.55 ppm 
1 1 1 1 1 
KProcessing« 
EXREF 
KPlOtK 
XS -228.6188 Hz 
XE 2701.6670 Hz 
YG 18.96 
OPERATOR 
O 
J-
Appendix 11.14 
7-bromo-5H-indeno 1 ,2 -b |pyr id ine -5 -one jasz) 
PPM INT(%) FREQ(Hz) POSITION BAR GRAPH 
8.5787 1.90510 2317.69 5650 
8.5739 1.96700 2316.37 5654 
8.5604 1.96964 2312.74 5665 
8.5543 2.02426 2311.09 5670 
8.0793 0.41955 2182.75 6059 
7.8839 0.50803 2129.96 6219 
7.8656 1.96492 2125.01 6234 
7.8595 2.01330 2123.36 6239 
7.8497 0.34354 2120.72 6247 
7.8375 2.14390 2117.43 6257 
7.8314 2.13541 2115.78 6262 
7.7911 2.01197 2104.89 6295 
7.7862 3.96291 2103.57 6299 + 
7.7825 2.48199 2102.58 6302 
7.6861 8.47617 2076.51 6381 
7.6812 7.02387 2075.20 6385 + 
7.2122 2.21511 1948.51 6769 
7.1927 8.57691 1943.23 6785 ++ 
7.1842 2.19859 1940.92 6792 
7.1658 2.02954 1935.97 6807 
1.5314 0.82424 413.72 11421 
1.5277 0.84397 412.73 11424 
0.2174 0.33127 58.73 12497 
0.0684 0.34361 18.48 12619 
0.0623 1.43810 16.83 12624 
0.0293 0.56530 7.92 12651 
0.0134 4.05741 3.63 12664 + 
0.0000 100.00000 0.00 12675 ++++++++++++++++++++ 
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0» 
in 
o -
OJ 
GO 
p-. nj 
o in 
(O OO U3 
oj o in 
^ o 
I 
I I 1 1 1 
. E X 2 7 0 
! 20-JUM-91 13: 50: 34 
: KAccumulation*f 
; OBNUC IH 
\ OFR 270.05 MHz 
i EXMOD MOM 
: POINT 32768 
! PWl 4.8 us 
j FREQU 5405.4 Hz 
: SCAtJS 16 
; ACQTM 3.031 sec 
; PD 1.969 sec 
i SLVNT CDCL3 
r 
u 
I JtProcessingx 
; BF 
• EXREF 
KPlOtJ* 
0.10 Hz 
0.00 ppm 
XS 
XE 
YG 
155.2153 Hz 
2701.6530 Hz 
34.86 
OPEflATOH : 
9 
• T ' 
8 
T ~ T — r 
7 
T 1 1 T 
Appendix 11.15 
7,9"dibromo-5ji-- indeno{'l ,2-b]pyridine-5-one ( Z2>M- ) 
HI 
a 
8 
8 
8 
8 
8 
S , 
3 
3 , 
3 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 , 
7 
7 , 
7 . 
7 , 
7 . 
7 , 
7 . 
7 . 
7 . 
PPM 
8 1 3 1 
8 1 2 3 
7 9 9 3 
7 9 2 4 
6 3 1 3 . 
6 6 9 1 
6 6 Q 6 
6 3 4 5 
6 4 1 ( 3 
6 3 4 9 
6 1 9 Q 
1 3 3 3 
1 1 9 6 
G11L-.3 
9 8 - ^ 0 
9 7 7 9 
9 5 1 1 
9 4 1 3 
9 3 5 2 
9 2 9 1 
9 2 3 0 
9 1 3 2 
9 S 7 1 
B 9 S 0 
8 3 3 9 
S 7 6 6 
8 4 7 3 
8 3 3 7 
8 3 3 2 
7 9 9 6 
7 3 2 5 
7 2 7 6 
7 2 5 1 
6 9 5 3 
5 6 2 7 
6 G 3 
5 3 9 
4 1 7 
3 ^ 4 
2 5 3 
S 7 5 
2 3 9 2 
2 7 9 4 
2 6 7 2 
2 6 1 1 
1 
4 
2 6 
2 9 
3 2 
3Q 
1 
6 
10CD 
1 
5 
5 
3 5 
3 3 
9 9 
1 6 
4 0 
3 7 
1 
1 
4 
4 0 
3 0 
1 0 
I N T ( X ) 
. 0 7 4 2 7 
. 6 2 2 8 4 
. 9 2 7 8 7 
. 1 7 3 2 1 
. 6 0 3 3 2 
, 0 7 5 2 6 
. 7 1 4 4 5 
. 0 7 4 0 7 
. 0 1 6 0 7 
. 3 9 7 1 0 
. 4 3 3 0 2 
. 7 1 3 7 3 
. 0 0 0 0 0 
. 5 3 3 9 5 
. 3 9 8 5 0 
. 7 5 9 3 3 
. 3 6 1 6 9 
. 2 5 3 3 6 
. 6 2 3 2 5 
, 0 6 2 2 5 
. 3 9 7 5 0 
, 4 8 5 0 8 
. 6 6 5 9 1 
, 3 1 4 4 1 
, 6 1 3 7 5 
8 3 0 1 1 
, 9 4 5 6 9 
, 4 6 8 7 7 
, 9 6 0 3 8 
2 6 7 7 3 
, 7 0 2 7 7 
2 8 6 0 0 
, 6 8 5 7 2 
7 7 1 1 4 
8 1 5 0 1 
0 5 2 1 6 
8 4 1 1 7 
. 3 3 7 9 8 
3 9 5 3 0 
4 6 5 0 8 
5 5 1 8 0 
2 0 9 7 7 
3 4 6 6 9 
6 1 5 5 1 
4 9 3 7 2 
3 1 6 0 7 
8 3 1 6 4 
8 2 1 6 9 
2 6 0 4 5 
F R E Q ( H z ) 
2 3 8 2 . 3 5 
2 3 3 0 . 7 0 
2 3 7 7 . 4 0 
2 3 7 5 . 4 2 
2 3 4 5 . 4 0 
2 3 4 2 . 1 0 
2 3 3 9 . 7 9 
2 3 3 3 . 1 4 
2 3 3 4 . 5 1 
2-_'-^'2 • 3 6 
2 3 2 8 . 5 7 
2 1 9 7 . 2 7 
2 1 9 3 . 6 4 
2 1 6 5 
2 1 5 7 
2 1 5 5 
2 1 5 3 
2 1 4 9 
2 1 4 3 
2 1 4 5 
2 1 4 3 
2 1 4 2 
2 1 4 0 
2 1 3 7 
2 1 3 6 
2 1 3 1 
2 1 2 9 
2 1 2 7 
2 1 2 0 
2 1 1 7 
2 1 1 6 
2 1 1 5 
2 1 0 7 
2 0 8 9 
2 0 8 7 . 
2 0 8 7 , 
2 0 7 9 , 
2 0 4 3 , 
1 9 8 3 
1 9 8 6 , 
1 9 8 3 , 
1 9 3 1 . 
1 9 7 9 , 
1 9 7 4 . 
1 9 6 9 . 
1 9 6 6 . 
1 9 6 3 . 
1 9 6 1 . 
1 9 5 1 . 
. 5 9 
. 0 2 
I - J ' / 
, 0 6 
, 7 6 
. 1 1 
. 4 7 
. 8 2 
, 1 7 
, 5 2 
, 8 8 
, 2 3 
6 1 
9 6 
9 8 
0 6 
7 5 
4 4 
4 5 
2 0 
0 5 
7 3 
0 7 
1 5 
1 9 
4 3 
7 8 
4 8 
5 0 
1 9 
2 4 
2 9 
6 5 
3 5 
7 0 
4 8 
P O S I T I O N 
' 5 5 1 6 
5 5 2 1 
5 5 3 1 
5 5 3 7 
5 6 2 8 
5 6 3 3 
5 6 4 5 
5 6 5 0 
5 6 6 1 
5 6 6 6 
5 6 7 9 
6 0 7 7 
6 0 8 3 
6 1 7 3 
6 1 9 9 
6 2 0 4 
6 2 1 1 
6 2 2 1 
6 2 2 6 
6 2 3 4 
6 2 3 9 
6 2 4 4 
6 2 4 9 
6 2 5 7 
6 2 6 2 
6 2 7 6 
6 2 8 1 
6 2 3 7 
6 3 1 1 
6 3 1 8 
6 3 2 2 
6 3 2 5 
6 3 5 0 
6 4 0 5 
6 4 0 9 
6 4 1 1 
6 4 3 5 
6 5 4 4 
6 7 1 0 
6 7 1 5 
6 7 2 5 
6 7 3 1 
6 7 3 8 
6 7 5 3 
6 7 6 3 
6 7 7 6 
6 7 8 6 
6 7 9 1 
6 8 2 2 
B A R G R A P H 
+ 
+ 
+ 
+ 
+ + + + 
+ + + + + + 
+ -t"4- + -t- + 
+ + + + + + 
• + + + + + + + + • 4--*- + - t - - r - r H-
+ 
+ 
+ + + + + + + 
+ + 4- + + + 4- + 
+ + + + +4- + + + + + + + -f- + + + + + + 
+ + + 
++++++++ 
+ 
+ 
++++++++ 
++++++ 
+++++++ 
+ + 
+++++++ 
5 I S 
r* -J) I 
X ^ 1 X 
8.5 8.0 
T 1 r 
2B-N0V-92 09: l^O: 33 
)(Accurnulation>f 
OBNUC IH 
OFR 270.05 MH2 
EXMOD NON 
POINT 32768 
PWl '1.9 us 
FREQU 5405.-1 Hz 
SCANS IB 
ACQTM 3.031 sec 
PD 1.969 sec 
SUNT CDCL3 
xProcessingjf 
8F 
EXREF 
0.10 Hz 
0.00 ppm 
i XPlotx 
-651.6''.50 H: 
5'1U.33^5 Hz 
± 
7.5 
OPERATGn : 
Appendix 11,16 
Tetrabromo-5H-indeno 1,2-b| pyr id ine (237) 
6 
7 
3 
1 0 
1 1 
"71 
2 6 
I N T ( 7 . ) F R E Q C H z ) P O S I T I O N BAR G R A P H 
1 6 . 4 9 5 4 9 2 3 7 3 - 4 1 5 5 3 2 +++ 
1 4 . 3 8 7 5 5 2 3 7 1 . 7 7 5 5 3 7 +++ 
2 0 . 2 6 6 0 2 2 3 6 8 - 4 7 5 5 4 7 +++ + 
5 . 8 0 4 8 3 5 6 6 9 + 
6 . 3 7 3 8 3 5 6 8 4 + 
3 0 . 2 3 5 0 2 2 2 4 3 . 7 6 5 9 2 5 ++++++ 
5 - 8 4 1 6 4 2 1 3 6 . 5 3 6 2 5 0 +• 
1 1 . 6 2 0 3 8 2 1 3 0 . 9 2 6 2 6 7 ++ 
1 4 . 9 9 7 9 1 2 1 3 0 . 2 6 6 2 6 9 + + + 
1 2 . 3 3 3 6 5 2 1 2 9 . 2 7 6 2 7 2 ++ + 
1 3 . 5 2 1 3 7 2 2 1 2 8 - 6 1 6 2 7 4 ++ + 
1 0 - 6 7 1 3 6 2 1 2 7 . 6 2 6 2 7 7 ++ 
1 3 . 3 4 9 9 2 2 1 2 6 . 6 3 6 2 8 0 + + 
1 3 . 5 3 3 8 2 2 1 2 4 . 9 9 6 2 3 5 + + 
1 ^ - 7 3 9 2 ^ : 2 1 2 3 . 3 4 6 2 9 0 
1 3 . 7 3 2 5 0 6 2 9 3 + + + 
^ 3 - 7 5 1 5 C 3 2 1 2 0 . 7 0 6 2 9 B + -f-H--i--i-+ + + + 
. - . . . . . - . l — C J 2 1 1 9 , 0 5 6 3 0 3 
1 3 . 9 9 3 0 6 2 1 0 9 - 8 1 6 3 3 1 -4- + + 
2 2 . 4 a ' o l 2 1 9 8 3 . 4 5 6 7 1 4 + + + + 
1 1 . 2 9 6 4 1 3 1 9 3 0 . 1 5 6 7 2 4 
2 3 . 0 1 0 9 9 1 9 7 8 - 5 0 6 7 2 9 + + + + + 
2 5 . 5 0 5 4 6 1 9 7 5 . 5 3 6 7 3 8 
1 2 . 4 5 3 7 3 1 9 7 2 - 5 6 6 7 4 7 + + 
2 4 , 7 7 0 3 5 1 9 7 0 . 9 1 6 7 5 2 + + + + + 
1 0 . 2 5 3 9 6 1 9 6 7 . 6 1 6 7 6 2 + + 
1 2 . 7 1 6 4 5 1 9 6 6 - 2 9 6 7 6 6 + 4- + 
1 1 . 7 0 9 1 0 1 9 6 3 . 6 5 6 7 7 4 + + 
1 3 . 9 1 3 4 7 1 9 6 0 . 0 3 6 7 3 5 +++++++++ 
1 0 . 1 5 6 7 7 1 9 5 3 . 7 1 6 7 3 9 + + 
7 . 7 6 5 3 5 1 0 4 3 . 1 3 9 5 4 9 + + 
7 8 . 6 0 9 3 3 1 0 3 7 . 5 7 9 5 8 1 ++++++++++ 
5 1 . 0 3 0 7 1 1 0 3 3 . 2 8 9 5 9 4 ++++++++++ 
3 7 . 1 9 7 3 8 1 0 2 6 . 6 3 9 6 1 4 +++++++ 
5 . 4 7 3 9 5 5 8 4 - 5 9 1 0 9 5 4 + 
1 0 0 . 0 0 0 0 0 4 2 5 - 9 0 1 1 4 3 5 + +-*--••+ + + + + + 
1 4 - 1 6 6 3 2 - 1 - 6 8 1 2 7 3 1 + + + 
315 
H rO i -
1 1 1 
J 
T — I — I — r 
6 
I ' • ' 
5 
T 1 1 r T—1—I—r T—I 1—r 
PPM 
T 1 
iiiiirnnTirrrnirm I! 
29-APR-93 10: -10: 47 
MAccumulatlonK 
OBNUC IH 
OFR 270.05 MHz 
EXMOO NOM 
POINT 32768 
PWl 4.9 US 
FREQU 5405.4 Hz 
SCANS 16 
ACQTM 3.031 sec 
PD 1.969 sec 
SLVNT CDCL3 
xProcessingx 
3r 
EXREF 
0.10 Hz 
7.25 ppin 
XS 
XE 
YG 
172.0133 HZ 
2701.6630 Hz 
3.6^ 
OPERATOR 
CO 
Appendix I I . 1 7 
7"nitro -5H - indeno [ j ,2 -b pyr id ine -5 -one (a3g) 
JO 
a 
•~. 
1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 3 
1 9 
2 0 
M - 2 
H'1 
p p n I NT c y.} F R E D ( H z ) P O S I T I O N B A R G R A P H 
s . 6 4 3 4 2 5 . 3 5 4 9 8 2 3 3 6 . 5 0 5 5 5 8 + + + 
8 . 6 4 2 3 2 7 . 2 3 9 1 5 
^ - T — y o = 5 5 6 3 . + + + + + 
8 . 6 2 9 3 2 6 - 6 ^ o 5 ' : ' 
.•7 -'• •• -" '^7* 5 5 7 4 + 4 - + t J . 
• 6 2 2 7 '7> 'y T "T T 2 3 2 9 . 5 7 5 5 7 9 -;- ++-;-+ 
3 . 4 1 3 3 1 0 0 . 0 0 0 0 0 2 2 7 4 . 4 3 5 7 4 6 + + + + + -!- + + - r - i - + -h^- + + 
3 . J 1 3 9 3 3 . 3 1 9 2 0 2 2 7 3 . 1 6 5 7 5 0 + + + + + + 
3 . 3 9 0 7 3 3 . 3 1 6 3 5 2 2 6 6 , 3 9 5 7 6 9 + + + + + + + 
* * 2 1 . 3 2 2 2 7 2 2 6 4 . 9 1 5 7 7 5 -i-H- -»--H 
9 5 " ^ 3 tO . 1 5 9 2 3 2 1 4 3 . 4 5 6 1 2 3 - t - t - -+++H-
7 . , - 1 / ~f 2 0 - 1 8 7 3 3 2 1 4 7 . 1 3 6 1 3 2 -^ " + -1- + 
7 . 9 2 ^^2 4 3 . 3 8 7 3 9 2 1 - 3 0 . 3 6 6 1 5 1 + + H- + + -f- + + 4-
7 . O — M £-
( M U l_ 
3 3 . 0 3 - 1 3 1 2 1 3 9 . 3 7 6 1 5 4 + -(-+ + + + + + 
/ • 9 1 8 1 4 0 . 7 7 8 6 3 2 1 3 9 . 2 1 6 l 5 i b 4- + + + + + -^ + 
7 . 3 9 6 1 3 2 . 5 9 1 5 3 2 1 3 3 . 2 7 6 1 7 4 + + + + + 
—T 
/ . 3 9 0 0 3 1 . 4 3 3 0 1 2 1 3 1 . 6 2 6 1 7 9 + + + + -h + 
7 , 2 G 1 9 2 7 . 7 2 9 2 3 1 9 6 7 - 3 2 6 6 7 7 + + + +-^ + 
7 . 2 6 3 6 3 1 . 3 2 4 1 5 1 9 6 2 - 3 7 6 6 9 2 + + 4- + + + 
7 . 2 5 5 0 2 5 . 3 6 6 5 2 1 9 6 0 . 0 6 6 6 9 9 + + + + + 
7 . 2 3 5 5 2 3 - 0 3 5 6 0 1 9 5 4 . 7 8 6 7 1 5 + + •4- + + + 
7 . 1 5 0 0 3 . 0 3 7 3 7 1 9 3 1 . 6 9 6 7 3 5 + + 
+ + 
2>\1 
9.0 
1 r 
8.5 8.0 
o o O 0, 
T r 
vrvjrvrvj 
UXDUDOD cnaxTcnoxDcu 
21-APR-93 10: 41: 28 
MAccumulationx 
GBNUC IH 
OFH 270.05 MHz 
EXMOD NON 
POINT 32768 
PWl 4.9 us 
FREQU 5405.4 Hz 
SCANS 16 
ACQTM 3.031 sec 
PD 1.969 sec 
SLVNT CDCL3 
KProcessingx 
BF 0.10 Hz 
EXREF 7.15 ppm 
*(Plot*( 
XS 
XE 
YG 
OPERATOR 
-689.4062 Hz 
592.3079 Hz 
2.69 
PPM [ 
7.0 1 Otr4 
11 1 1 1 II n II 1 I t 'i \ 1 \ / i Uv. )'! 
gC 
Appendix I I . 18 
7"nitro-5H-indeno [l >2-b] pyr id ine (239) 
NO 
4 
5 
6 
7 
8 
9 
1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
2 0 
2 1 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 
3 0 
3 1 
3 4 
3 5 
3 6 
3 7 
3 8 
3 9 
4 0 
4 1 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 
4 8 
4 9 
5 0 
5 1 
5 2 
F P n I N T ( " / . ) F R E G K H r ) P O S n I O N 
8 . 9 1 3 3 1 5 . 2 7 23( . i 2 4 0 3 . 0 8 5 4 4 0 
8 . 9 0 6 0 1 5 . 3 0 1 2 4 2 4 0 6 . 1 0 5 4 4 6 
8 . 6 8 7 4 2 2 . 5 2 8 7 9 2 3 4 7 . 0 5 5 6 2 5 
8 . 6 7 1 5 2 2 . 4 7 8 4 2 2 3 4 2 - 7 6 5 6 3 8 
8 . 6 5 3 2 1 2 . 6 8 8 4 1 2 3 3 7 . 8 1 5 6 5 3 
8 . 6 3 7 4 1 2 a 1 1 9 5 6 2 3 3 3 . 5 2 5 6 6 6 
8 . 5 6 1 6 2 . 9 3 0 2 1 2 3 1 3 . 0 7 5 7 2 8 
8 . 5 4 4 5 3 . 5 6 9 2 3 2 3 0 8 . 4 5 5 7 4 2 
8 . 5 2 2 6 3 . 2 9 7 1 1 2 3 0 2 - 5 1 5 7 6 0 
8 . 4 3 2 2 3 3 . 0 0 3 1 3 2 2 7 8 . 1 0 5 8 3 4 
8 : 4 0 7 8 3 . 1 1 9 3 0 2 2 7 1 - 5 0 5 8 5 4 
8 . 3 7 8 5 1 6 . 3 5 9 3 2 2 2 6 3 . 5 8 5 3 7 8 
8 . 3 7 3 6 1 3 . 6 5 5 3 2 2 2 6 2 . 2 6 5 8 B 2 
8 . 3 4 7 9 2 2 , 1 2 4 2 2 5 5 - 3 3 5 9 0 3 
8 . 3 4 1 8 1 9 . 7 5 9 8 7 2 2 5 3 . 6 8 5 9 0 8 
8 . 3 0 0 3 1 1 . 1 4 0 3 4 2 2 4 2 - 4 6 5 9 4 2 
8 . 2 9 1 8 1 0 . 7 2 5 4 4 2 2 4 0 . 1 6 5 9 4 9 
8 . 2 6 9 8 1 1 . 4 : : o 7 9 '^1''^ A '~y'~y 
^ M . 5 9 6 7 
8 . 2 6 1 2 1 1 , 1 3 5 0 9 2 2 3 1 - 9 1 5 9 7 4 
B . 2 1 7 3 4 0 . 1 6 4 2 6 2 2 2 0 . 0 3 6 0 1 0 
8 . 1 8 6 7 2 7 . 7 4 3 3 5 2 2 1 1 . 7 3 6 0 3 5 
8 . 1 2 2 0 2 . 3 5 3 9 7 2 1 9 4 . 3 0 6 0 8 8 
7 . 9 4 2 5 2 0 . 5 4 9 5 5 2 1 4 5 . 8 0 6 2 3 5 
7 . 9 4 0 1 2 0 . 1 5 6 7 1 2 1 4 5 . 1 4 6 2 3 7 
7 . 9 1 0 8 2 6 . 0 9 6 8 2 2 1 3 7 . 2 2 6 2 6 1 
7 . 8 7 5 3 1 1 . 3 1 9 3 2 2 1 2 7 . 6 5 6 2 9 0 
7 . 8 4 4 8 3 . 2 2 9 3 0 2 1 1 9 . 4 0 6 3 1 5 
7 . 8 1 7 9 2 . 9 8 0 0 1 2 1 1 2 . 1 5 6 3 3 7 
7 . 7 2 1 5 1 3 . 5 2 9 6 3 2 0 8 6 . 0 8 6 4 1 6 
7 . 6 9 0 9 1 2 , 5 3 0 5 2 2 0 7 7 . 8 3 6 4 4 1 
7 . 4 3 4 5 4 - 0 2 9 7 4 2 0 0 8 . 5 5 6 6 5 1 
7 . 3 5 1 5 2 3 . 0 0 4 1 7 1 9 8 6 . 1 2 6 7 1 9 
7 . 3 3 3 1 2 3 . 3 0 0 1 6 1 9 3 1 . 1 7 6 7 3 4 
7 . 3 2 2 2 2 9 . 3 7 1 9 2 1 9 7 8 . 2 0 6 7 4 3 
7 . 3 0 3 8 2 7 . 5 5 2 7 4 1 9 7 3 . 2 5 6 7 5 8 
7 . 2 9 2 8 1 1 . 7 6 5 5 3 1 9 7 0 . 2 8 6 7 6 7 
7 . 2 7 2 1 2 8 - 6 6 7 9 1 1 9 6 4 . 6 7 6 7 8 4 
7 . 2 5 1 3 4 . 0 2 5 2 2 1 9 5 9 . 0 6 6 8 0 1 
7 . 2 2 6 9 4 . 3 7 3 6 9 1 9 5 2 . 4 7 6 8 2 1 
7 . 2 1 5 9 3 . 4 : : 7 4 2 1 ^ 4 9 . 5 0 6 B 3 0 
7 . 1 9 7 6 3 . 2 1 7 4 6 1 9 4 4 a 5 5 6 8 4 5 
7 . 1 8 2 9 5 . 7 4 7 8 5 1 9 4 0 - 5 9 6 8 5 7 
7 . 1 5 4 9 3 . 3 1 7 1 0 1 9 3 3 . 0 0 6 8 8 0 
4 . 4 0 4 8 3 . 2 5 3 9 4 1 1 9 0 a 0 2 9 1 3 2 
4 . 0 0 7 9 9 1 . 0 3 6 5 4 1 0 8 2 . 8 0 9 4 5 7 
rz.994 5 4 7 . 1 0 4 1 8 1 0 7 9 . 1 7 9 4 6 8 
) 3 . 9 5 2 9 3 , 7 3 9 3 4 • 1 0 6 7 . 9 5 9 5 0 2 
J 3 . 3 7 2 3 7 , 4 3 3 7 9 1 0 4 6 . I B 9 5 6 8 
L 2 . 3 5 0 8 1 1 . 6 3 5 3 1 6 3 5 . 1 0 1 0 8 1 4 
0 . 0 1 2 2 6 r 7 6 7 9 1 3 . 3 0 1 2 7 2 9 
0 . 0 0 0 0 1 0 0 . 0?!Fl0O 0 . 0 0 1 2 7 3 9 
- 0 . 0 0 9 3 4 , 3 6 8 5 0 - 2 . 6 4 1 2 7 4 7 
BAR G R A P H 
+ f + 
+ + + 
+ + + + + 
+ + + + 
+ + + 
+ + 
+ 
+ 
^-
-•-++ 
++ + 
+ +++ 
4 + + + 
+ + 
+ + 
++++++++ 
+ + + + + •*-
+ 
+ + + + 
+ + + -»-
+ + + + + 
+ + 
+ + + 
+ + + + + 
+ + + + + 
++++++ 
++++++ 
+ 
-4-
+ + + + + + + + + + 4 + + + + ++H-^ 
+ + + + + + 4 - + + 
-»- + 
+ + 4-+ + + + + + + + + + H- + -f.+ + + 4 
1 I r 1—^  
9 8 
0^ 
i 
J -
I 
I N 
I ' ' ' 
6 
o 
T — 1 — 1 — 1 — I — 1 — I — T 
3 2 
in m-TTTra 
^ ocncnco 
PPM 
0 
05-MAY-93 10: 30: 35 
KAccumulationK 
OBNUC IH 
OFR 270.05 MHz 
EXMOD NUN 
POINT 3276B 
PWl 4.9 US 
FREQU 5405.4 Hz 
SCANS 16 
ACQTM 3.031 sec 
PO 1.969 sec 
SLVNT CnCL3 
KProccssingx 
BF 0.10 Hz 
EXREF 0.00 ppm 
xPlot 
XS 176.3302 Hz 
XE 2701.6630 Hz 
YG 
OPERATOR 
2.66 
o 
Pi 
Appendix 11.19 
7-emino-5H"indeno 1 , 2-b] pyr id ine (at fO) 
N O . PPM I N T C / . ) F R E Q ( H z ) P O S I T I O N B A R G R A P H 
1 - 7 9 2 3 1 3 . 5 3 7 4 4 2 3 7 5 - 3 9 5 6 1 0 + + + + 
| 3 . 7 7 6 5 1 8 - 1 2 9 3 2 2 3 7 1 . 1 1 5 6 2 3 + + + + 
- 8 . 5 4 5 7 2 9 . 1 8 0 9 5 2 3 0 8 . 7 5 5 8 1 2 + + + + + + 
4 W'i 1 3 . 4 9 1 9 1 4 . 9 3 1 0 0 2 2 9 4 . 2 3 5 8 5 6 + + + 
5 H t / 8 . 4 6 0 2 2 0 - 5 7 6 9 0 2 2 3 5 . 6 6 5 8 3 2 + + + + 
H g \ 
(—1 . 3 3 5 6 3 6 . 7 9 6 2 2 2 2 5 2 - 0 0 5 9 3 4 + + + + + + + 
o . 3 E 3 9 2 4 . 3 9 B 9 9 2 2 4 3 . 4 3 6 0 1 0 + - » - + - » - + 
o 3 . 0 3 3 9 1 3 - 2 2 5 6 5 2 1 7 1 . 8 3 6 2 2 7 + + + + 
3 - 0 1 0 3 1 9 . 2 5 4 5 6 2 1 6 4 - 2 5 6 2 5 0 + -4- + + 
1 0 ^ T . 4 4 7 3 2 2 . 6 4 6 2 7 2 0 1 2 , 1 5 6 7 1 1 + + + + 
1 1 L 7 . 4 2 9 5 61 '^7 ' *^ 2 0 0 7 . 2 0 6 7 2 6 
+ 4-- I -+4-
1 2 r / ' . 4 1 9 7 1 9 . 3 3 0 9 3 2 0 0 4 , 5 6 6 7 3 4 - r - r + + 
; 7: 1 —T / . 4 0 1 4 1 3 . 3 0 2 : ^ 2 1 9 9 9 . 6 2 6 7 4 ^ 9 -r-t- + * 
1 4 . 3 5 7 5 2 2 - 7 0 4 7 3 ! . 9 3 7 . 7 4 6 7 3 5 - r - f - - r - T - - r 
1 5 / . 1 1 2 3 3 5 . 3 6 6 7 0 1 1 1 1 . 1 4 9 4 4 2 —-*- + + + - + + + - f - - » - - ^ — ^ - ^ - ^ -
1 6 . 3 3 2 0 6 0 . 1 7 6 4 0 1 0 4 3 , 7 9 9 6 3 1 
+ + + ^ - + - ^ - + - » - - ^ - + - ^ -
1 7 . 3 6 6 1 3 5 . 2 4 4 1 3 1 0 4 4 . 5 0 9 6 4 4 ^ - + + + ^ - + + + + + • ^ - — ( - + + + 
1 3 . 3 4 9 0 8 5 . 3 8 3 2 2 1 0 3 9 , 8 3 9 6 5 8 
+ + + + + - r + + + + - ^ - - - - ^ + + + 
1 9 T. - 7 3 6 7 1 0 0 . 0 0 0 0 0 1 0 0 9 , 5 3 9 7 5 0 
+ + + + + + + + + - ; - + - - + + - ( - + + + + 
2 0 . 7 1 9 6 8 2 . 5 1 1 5 7 1 0 0 4 . 9 1 9 7 6 4 
+ + + + + + + 
2 1 t ; . 7 0 3 7 5 4 . 0 7 3 3 3 1 0 0 0 . 6 2 9 7 7 7 
+ + + + + + + - » - + + - * • 
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03: .lie • u 
O.-n 2:'G.G5 ::r.i 
E>;:-:OJ : :c.:. 
? G : : ; T 32:-66 
pv:i D.O us 
.-RECU 5.:05.-i Hz 
SCA.^ iS 16 
Acorv 3.031 sec 
PD . 1.96S sec 
SLV: :T C3CL3 • 
EProcess iag^' 
3F 0.10 Hz 
EXREr 7.25 ppm 
aPlot 
XS 199.7267 Hz 
XE 2701.6620 Hz 
' i I h 
r- invrTmrnoo 
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CDOO--<D 
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Appendix 11.20 
7-amino-5H-indeno |^1, 2 -b jpyr id in -^ -one (241) 
PPM I N T C / . ) F R E Q ( H z ) P O S I T I O N B A R G R A P H 
1 0 . 0 6 0 3 2 . 5 9 4 3 6 2 7 1 7 . 9 5 5 4 2 9 + 
9 . 8 6 9 8 2 1 . 2 3 7 5 9 2 6 6 6 - . 4 3 5 5 3 5 + + + + 
9 . 3 5 0 2 2 3 . 4 6 5 3 2 2 6 6 1 - 2 0 5 6 0 1 + + 4- + + 
9 - 3 3 5 0 2 . 3 2 6 6 7 2 5 3 5 . 5 0 5 9 3 2 + 
9 . 3 5 6 9 2 , 9 9 6 1 3 2 5 2 7 - 9 1 6 0 0 5 + 
9 . 1 3 1 0 2 0 . 9 0 7 3 0 2 4 8 0 . 4 1 6 1 4 9 + + + + 
9 . 1 5 3 G 2 1 , 5 7 7 8 7 2 4 7 2 . 8 2 6 1 7 2 + + + + 
9 . 1 1 6 3 _r . ^' 7 •_• / 2 4 6 2 . 9 2 6 2 0 2 + 
9 . C 9 1 - ' 4 . 5 3 5 4 S 2 4 5 6 . 3 2 
B . 3 B 1 7 2 2 . 2 6 2 3 4 2 3 9 9 . 5 3 6 3 9 ^ + + -r + 
3 . 3 6 6 C - 1 2 . 3 6 8 1 4 2 3 9 5 . 2 9 o 4 0 7 -^-f-
0 . 3 5 3 3 2 3 . 4 5 5 3 1 2 3 9 1 . 9 9 6 4 1 7 + + + -'-4-
3 . 7 9 c 8 3 . 3 2 7 4 9 2 3 7 7 - 1 4 6 4 6 2 + 
8 - 5 ^ f 3 5 1 5 . 7 4 2 0 2 2 3 0 9 . 5 1 6 6 6 / + + + 
8 . 5 3 2 6 1 9 . 6 0 6 1 3 6 6 3 0 + + + + 
3 . 5 2 4 1 1 9 . 3 8 2 7 1 2 3 0 2 . 9 1 6 6 3 7 + - ) - + + 
B . 5 0 5 7 1 6 . 2 8 2 1 2 2 2 9 7 . 9 6 6 7 0 2 + + + 
D . 3 2 5 0 3 3 . 1 6 2 8 9 2 2 4 9 . 1 3 6 8 5 0 + + + + + + + 
3 . 2 4 2 0 1 3 . 4 3 6 7 7 2 2 2 6 , 7 0 6 9 1 8 + + + + 
8 . 2 3 S 3 1 3 . 9 9 4 3 2 2 2 2 5 . 7 1 6 9 2 1 + + + + 
8 . 2 1 2 7 1 6 . 3 4 1 0 7 2 2 1 3 - 7 8 6 9 4 2 + + + 
1 7 . 0 5 5 3 2 2 2 1 7 . 4 6 6 9 4 6 + + + 
7 . 4 2 1 3 1 5 . 4 5 7 6 4 2 0 0 4 - 9 9 7 5 9 0 + + 
5 , 2 4 1 5 1O3.OOC0QC5 1 4 1 6 . 0 8 9 3 7 5 + + + + + + + + + + + + + 4- + + + + + + 
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OFR 270.05 MHz 
EXMOD NON 
POINT 32768 
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FREQU 5405.4 Hz 
SCANS 16 
ACQTM 3.031 sec 
PO 1.969 sec 
SLVNT DMSO 
«Processing« 
BF 
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0.10 Hz 
2.50 ppm 
*tPlot« 
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•715.2661 Hz 
830.0781 Hz 
9.51 
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Appendix 11,21 
7-hydroxy-5H-indeno 1,2-b] pyri d i n - ^ - o n e (242) 
!D. PPM I N T C / . ) F R E Q C H s ) P O S I T I O N BAR GRAPH 
1 8 . 7 8 5 0 2 4 . 1 3 7 9 0 2 3 7 3 , 4 2 5 4 4 5 + + + + + 
8 . 6 2 2 6 3 . 3 1 0 7 8 2 3 2 9 . 5 4 5 5 7 8 + + 
8 . 2 4 3 9 1 5 . 8 9 9 6 2 2 2 2 3 . 5 3 5 8 3 4 + + + 
4 8 . 1 7 4 4 1 3 . 6 4 3 0 9 2 2 0 3 . 4 6 5 9 4 5 + + + + 
5 3 . 0 9 2 6 2 1 . 4 0 2 3 9 2 1 3 6 . 3 5 6 0 1 2 + + + + 
6 8 - 0 2 6 7 1 8 . 0 3 4 0 2 2 1 6 3 . 5 3 6 0 6 6 + + + + 
/ 7 . 9 1 3 0 1 2 , 9 7 6 3 9 2 1 3 9 - 1 7 6 1 5 5 
,—1 7 . 3 1 4 2 1 3 . 1 1 1 9 5 2 1 1 1 - 1 3 6 2 4 0 + + + + 
9 / . / *T ^ 1 2 4 . 1 6 7 1 9 2 0 9 1 . 6 6 6 2 9 9 + + + + 
10 7 . 7 2 1 4 2 4 . 3 1 2 3 3 2 0 3 6 . 0 5 6 3 1 6 4 - + - r + + 
7 . = 7 6 3 I B , 5 S 4 S 9 2 0 5 2 - 4 0 6 4 1 3 + + + + 
7 . 4S^"5 1 1 . 3 9 3 2 9 2 0 2 2 . 0 5 6 5 1 0 + + 
'7 , 1 0 . 4 6 3 5 3 1 9 5 3 . 7 1 6 7 0 2 
r* r= .1 ' 
. O ' - O — 1O0.COOO-'3O 9 5 3 . 0 6 9 7 3 5 • + + + + + — + + 
3 2 5 
-V CD 
in o) 
2l-APR-g3 16: 19: 30 
KAccumulationx 
03NUC IH 
0.-a 270.05 MHz 
EXMOD r:ON 
POINT 32768 
PWl ^.9 us 
FREQU 5^05.4 Hz 
SCA.'iS 16 
ACQTM 3.031 sec 
PD 1.969 sec 
S L V : ; T :JMSO 
* t P r o c e s s i n 9 » t 
Br 
EXREF 
KPlotK 
XS 
0.10 HZ 
2.50 ppm 
19e.83';8 H: 
2701.6620 Hz 
1.98 
CO 
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Appendix 11,22 
7-hydroxy-5H"indeno 1, 2-b| p y r i d i n e (.243) 
M l -
4 
5 
6 
~7 
/ 
s 
9 
13 
11 
12 H i 
1 
14 
1 ? 
1 A 
H I 
J . 
1 7 
I S 
1 9 
2Q 
21 
2 3 W 5 , H 5 « ; • 
I NT (•/.) F R E D C H z ) P O S I T I O N BAR GRAPH 
2 4 . 9 Q 8 3 6 2 6 4 9 . 5 9 4 4 5 3 + + + + + 
2 5 - 5 0 1 8 8 2 2 3 5 . 3 5 5 5 5 7 + + + + + 
2 4 . 5 1 9 8 2 2 2 8 1 - 4 0 5 5 6 9 + + + + + 
2 5 - 7 7 1 6 0 2 1 2 2 . 3 7 6 0 5 1 + + + + + 
2 7 . 8 0 3 0 5 2 1 1 5 . 4 5 6 0 7 2 + + + + + + 
4 3 - 3 0 0 6 9 2 1 1 0 . 17 6 0 6 8 
4 5 . 0 1 3 4 2 2 1 0 1 . 9 2 6 1 1 3 + + + + + + + + 
G . 7 0 8 1 2 1 9 6 0 . 0 5 6 5 4 3 
. 1 6 2 1 0 1 9 5 7 . 0 8 6 5 5 2 + 
1 2 . 3 1 1 2 4 1 7 5 2 . 14 6 5 6 7 
6 1 9 4 9 . 3 3 6 5 7 4 -+-
41 . 3 5 7 3 5 1 9 4 0 . ^' 7 6 6 0 2 -+- + - H - r + 4 - + + 
. 5334-<i 1 9 3 5 . 6 4 6 6 1 7 + + + + - ; - H - + 
. ' : . 9 7 a i 1 9 3 3 . 662^v + + + + 
.6 ; : -325 1 9 2 8 . o n 66-^0 + 4- + -h + 
19 . 7 7 4 7 2 1 9 1 1 . 6 6 9 1 
3 7 . 3f^t,5o 1 9 0 6 . 9 4 6 7 0 4 -»-4-- i -4- + - r + + 
41 . 2 2 7 0 1 1 9 Q 5 . 2 9 6 7 0 9 + + + + + 
2 6 . 2 1 5 9 3 1 3 7 1 . 6 3 6 3 1 1 + + -+-••-•(-
—\ - * - 3 0 8 7 1 1 8 6 9 . 6 6 6 8 1 7 -4- + + + + 
^ * r 
' J ' - 3 6 4 0 2 1 8 6 3 - 3 9 6 3 3 6 + + + + + 
21 - 4 6 6 0 2 1 8 6 1 . 41 6 8 4 2 + + + + 
1 0 0 , 0 0 0 0 0 1 0 3 7 . 9 3 9 3 3 3 + + + + + + + + + 
14 . 5 4 2 6 2 9 3 6 . 9 7 9 6 4 4 + + + 
3 7 . 4 6 7 6 0 6 2 1 . 57 1 0 6 0 0 + + + + + + 4-
9 . 0 0 4 2 5 3 2 4 , 31 1 1 5 0 1 + + 
'~. ~f c -r•r^.•-^ 
. %_t UJ 7 0 . 0 0 1 2 4 3 4 + + + 4 - + 
3 2 1 
in 
31 
T 1 1 1 1 1 1 T 
10 
T — I — I — I — I — r — I — I — I — [ — : — I — r 
8 7 
- | — : — r — 1 — r 
6 
T 1 1 1 1 1 1 T 
4 3 
PPJ-l 
' I ' 
2 
I ' ' ' ' r 
1 0 
r f Y f r f i ' f f h V r n r i i i 
29-APH-93 10: 03: 27 
xAcciiiniilotionK 
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Orn 270.05 MHz 
EXMOD MON 
P O I N T 32768 
PWl 4.9 us 
FHEQU 5405.4 Hz 
SCANS 16 
ACQIM 3.031 sec 
P D 1.969 sec 
SLv:;r DMSO 
eProcess Ing?* 
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YG 
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2998.0470 Hz 
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Appendix 11.23 
7-bromo-5H-indeno 1,2-'b]pyridine - 5-one oxime (. Ztt-t^  ) 
H I 
155 
11 
12 
.13 
± ^ 
1 ? 
16 
17 
I B 
1 9 
20 
21 HI* 
Hfc 
24 H 8 
2 5 HZ 
2 6 
2 7 
2 8 
2 9 
3 0 
31 
^ ^ 
34 
3 5 
3 6 
PPM I N T C / . ) F R E Q ( H z ) P O S I T I O N BAR GRAPH 
1 3 . 1 4 5 0 3 0 . 2 3 5 3 1 3 5 5 1 . ' "J * 1 7 0 1 + + + + + + 
r s . 6 2 9 1 3 4 . 7 1 9 4 9 2 3 3 1 . 2 8 5 3 9 9 + + + + + + + 
8 . 6 2 4 2 4 3 - 3 7 6 3 0 2 3 2 9 . 9 6 5 4 0 3 + + + + + + + + + 
8 . 6 1 0 7 4 2 . 2 6 2 4 2 2 3 2 6 . "T "T 5 4 1 4 + + + - • - + + + + 
J 8 . 6 G 3 4 6 5 . 0 7 7 8 8 2 3 2 4 . • J - w" 5 4 2 0 4- + + H - + - * - + - l - + 
5 9 7 3 4 6 . 3 4 1 5 1 r—t —r 1—1 .-1 71 5 4 2 5 + 4 - + + + + + + - r 
^ S . 5 3 51 4 5 . 4 5 6 5 9 2 "^  1 9 . 41 5 4 3 5 + + + + + 
a . 579C-:j 4 3 . 3 4 1 8 1 L. J - X - 7 6 5 4 4 0 - > - - » - + - r + 
5 6 5 6 3 3 . 9 7 4 5 1 2 3 1 4 , 1 3 54 51 
3 . r . 5 ? o — c . 0 2 1 5 4 4 8 54 5 6 -H + 4 - + + + 
a . g~ ' 0 - _ ' 3 7 . 3 2 3 3 4 2 3 0 * ^ . 21 5 4 7 5 + + + + + + 
3 . r:; — ' /» . 5 7 6 2 2 2 3 0 4 , 3 9 5 4 7 9 • i - - ! - H - + - l - - h + 
3 . 5 i v : 6 64 . 7 5 9 3 0 ' - \ i-t 5 4 9 6 + + H- + + + + + 
V S . 5 0 4 5 6 0 . 0 4 9 8 3 2 2 9 7 . 6 3 5 5 0 1 + - r - t - + + - r + + - r 
0 B 4 4 . 7 8 3 2 3 2 1 3 4 . 14 5 3 4 5 •t- + ^ --^ •++-^  
B , D 7 8 3 3 7 . 3 2 7 4 6 2 1 3 2 . 4 9 5 3 5 0 + 4 +.h.i-+.t- + 
s . 0 5 5 1 4 0 - 4 6 5 1 9 2 1 7 6 . 5 3 6 9 •I- + 4- + + H - + + 
8 . 0 5 0 2 3 3 . 1 4 1 9 6 2 1 7 4 . 9 0 5 8 7 3 + 4- + + + + + + 
7 . 8 9 1 5 7 8 . 9 0 1 4 3 1 T 01 6 0 0 3 4 - 4 - 4 - 4 - + + 4- + -t-
^ • 
8 6 3 4 7 5 . 9 5 5 0 8 2 1 2 4 . 4 2 6 0 2 6 4 - - 1 - 4 - 4 - 4 - 4 - + 4 - 4 -
/ 8 3 2 9 4 2 . 1 3 0 9 8 2 1 1 6 . 1 3 6 0 5 1 + + 4 - + 4 - 4 - 4 - 4 -
8 3 3 6 1 0 0 . 0 0 0 0 0 2 1 0 3 . 2 6 6 0 7 5 4--(--4--h-1-4-4-4--t-
7 , 7 7 5 5 3 0 - 5 0 1 7 7 2 1 0 0 . 6 7 6 0 9 8 4- + -(-4--f-4-
/ O - X . 0 5 1 9 6 2 C 7 0 . 6 9 6 1 0 4 
/ . -T < •= <• 4 5 . 6 4 4 7 3 2 0 8 4 , 5 0 6 1 4 7 - 1 - 4 - + 4 - H - - t - 4 - - r - ( -
—T f . 7 0 9 5 41 . 7 1 9 4 2 2 0 8 2 . 8 5 6 1 5 2 4 - 4 - - H - - i - 4 - 4 - 4 -
7 , 6 3 6 3 2 8 . 1 3 2 4 5 2 0 7 6 . 5 9 6 1 7 1 + + 4 - 4 - 4 - + 
/ . 6 7 9 0 2 6 . 3 6 1 0 1 2 0 7 4 . 61 6 1 7 7 + + + + + 
7 . 4 3 7 2 . 3 3 9 3 7 2 0 0 9 . 2 8 6 3 7 5 + 4 - + + + + + 
7 . 4 1 S 9 3 6 . 6 6 4 0 6 2 0 0 4 . 6 3 9 0 + + + + + + + 
7 - -rt, 7 J . 3 7 . 2 5 8 2 6 2 0 0 1 . 6 9 6 3 9 8 + + + + + + -(-
7 . •_• T _i / 4 5 . 3 3 0 6 6 1 9 9 3 - 0 6 6 4 0 9 + + + + + + + + + 
7 , 393-B 3 9 . 5 4 6 3 4 1 9 9 6 - 7 4 6 4 1 3 + + + + + + + + 
7 . 3 7 7 4 4 2 . 1 8 6 7 5 1 9 9 3 . 1 2 6 4 2 4 + + -h + + + + + 
7 , 3 6 7 6 3 9 . 4 1 9 5 6 1 9 9 0 . 4 3 6 4 3 2 + + + + + + + + 
\ 7 . 3 4 9 3 3 5 . 8 6 3 2 0 1 9 3 5 . cr — 6 4 4 7 + + + + + + + 
• + + + • 
-+ + 4-
+ + + + + + + + 
J 
X 
2i-- ,PR-93 15 : ^9: 37 
OD:.:JC 
E : - ; : : C J 
?o::.r 
?w: 
SCA;.S 
ACQTN: 
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Appendix 11 .24 
7-nitro-5H-indeno 1,2-b'] pyridine-5-one oxime (. 3.t»S ) 
0 , M 
N-Ol 
H i 
H 3 
PPM I N T C / . ) P R E D ( H 2 ) P O S I T I O N BAR 
C 9 - 5 8 9 G 2 . 7 1 4 1 9 2 5 9 0 . 6 3 4 8 9 4 + 
1 9 . 5 8 0 5 2 . 5 7 6 9 5 2 5 8 8 . 3 2 4 9 0 1 + 
/ 8 . 8 8 3 2 1 . 4 6 1 0 8 2 3 9 9 - 9 3 5 4 7 2 
B . S 7 7 1 1 . 7 4 9 7 5 2 3 9 3 . 2 9 5 4 7 7 
8 , 8 5 3 9 1 , 7 1 9 9 4 2 3 9 2 . 0 2 5 4 9 6 
B . 3 4 7 S 1 . 3 4 1 4 1 2 3 9 0 - 3 7 5 5 0 1 
S S - 7 9 2 3 3 . 0 0 6 6 4 2 3 7 5 - 5 2 5 5 4 6 + 
8 , 7 3 6 7 3 . 5 2 3 0 ? 2 3 7 3 . 3 7 5 5 5 1 + 
3 . 7 7 3 3 2 . 0 4 0 4 2 - 2 3 7 0 - 2 4 5 5 6 2 
S . 7 6 7 2 1 . 6 9 2 1 8 2 3 6 3 . 5 9 5 5 6 7 
S . 75(31 2 . 0 3 4 T 1 2 3 6 3 . 9 7 5 5 3 1 
3 . 7 4 4 C ' 1 . 9 3 6 6 3 2 3 6 2 n 3 2 5 5 8 6 
3 - 7 3 1 c 2 . l t ; .647 2 3 5 9 . 0 2 5 5 9 6 
1 3 . 7 2 6 9 2 . 1 1 5 1 6 2 3 5 7 . 7 1 5 6 0 0 
V 8 . 7 G C J S 1 2 - 7 ^ 1 1 8 7 2 3 5 0 . 4 5 5 6 2 2 -4- + + 
^ 3 , 4 7 1 6 1 . 6 7 0 4 0 2 2 3 8 . 7 5 5 3 0 9 
3 . 4 6 3 1 1 - 5 ^ 5 0 0 2 2 3 6 . 4 4 5 3 1 6 
3 . 4 - ; i l 2 . 1 2 7 1 7 223C0. 50 5 8 3 4 
8 . 4 3 2 6 2 . 2 6 0 3 9 2 2 7 3 . 19 5 3 4 1 
3 . 3 6 5 4 1 . 3 3 6 0 1 2 2 6 0 . 0 5 5 8 9 6 
8 - 3 5 6 9 1 . 2 9 2 3 1 2 2 5 7 . 7 4 5 9 0 3 
J 8 . 3 3 3 6 2 . 0 6 5 9 1 2 2 5 1 . 4 7 5 9 2 2 
] 8 . 3 2 6 3 2 . 1 0 9 5 0 2 2 4 9 . 4 9 5 9 2 8 
G . 2 9 5 8 3 . 2 6 1 5 6 2 2 4 1 . 2 4 5 9 5 3 + 
3 . 2 6 5 3 ^ T ""V T O ^ . ' ^ - ' ^ 2 2 3 3 - 0 0 5 9 7 3 
3 . 2 3 4 7 3 - 0 5 3 9 7 2 2 2 4 . 7 5 6 0 0 3 + 
8 . 2 1 8 9 1 . 7 8 3 3 7 2 2 2 0 . 4 6 6 0 1 6 
8 . 2 1 2 8 1 , 9 4 2 4 7 2 2 1 8 . 8 1 6 0 2 1 
8 , 2 ( 3 4 2 1 . 9 4 3 4 1 2 2 1 6 . 5 0 6 0 2 8 
a . 1 8 9 5 2 . 0 9 6 6 3 2 2 1 2 . 5 4 6 0 4 0 
1 3 3 4 1 . 8 0 2 3 0 2 2 1 0 . 8 9 6 0 4 5 
7 - 5 8 3 8 4 . 5 3 7 3 7 2 0 4 8 . 9 0 6 5 3 6 + 
/ ' 7 . 4 2 2 7 1 . 6 4 6 4 6 2 0 0 5 . 3 5 6 6 6 8 
( 7 . 4 0 4 3 1 . 6 3 3 4 7 2 0 0 0 . 4 0 6 6 8 3 
I 7 . 3 9 4 6 1 . 7 3 4 8 2 1 9 9 7 . 7 6 6 6 9 1 
' 7 . 3 7 6 2 1 . 6 4 7 5 4 1 9 9 2 . 8 1 6 7 0 6 
7 , 3 2 1 3 2 . 0 2 5 2 8 1 9 7 7 . 9 7 6 7 5 1 
7 . 3 0 3 0 1 . 3 5 9 4 8 1 9 7 3 . 0 2 6 7 6 6 
7 , 2 9 3 2 1 - 9 3 9 3 1 1 9 7 0 - 3 8 6 7 7 4 
7 . 2 7 4 9 2 . 0 0 8 6 0 1 9 6 5 . 4 3 6 7 3 9 
. 7 . 2 1 2 6 9 . 8 5 1 7 1 1 9 4 3 . 6 0 6 8 4 0 + + 
i s . I 
9.5 
— I r 
9!o 
I t 
C I O 
m m 
i n n 
onai 
8.5 
00 
^ ^ 
8.0 
lUJ—!. 
! I ! i ! I i I i ! : ;; : 
M M 'J vi''>TYnrr)Ojc\joxv;njrU' 
lO-M.AR-93 10: 43: 00 
itAcc'jni'jiatian*? 
OBriUC IH 
OFn 270.05 
EXI'.OD MOM 
POIMT 32"6a 
PWl 4.9 us 
FREGU 5405.4 H: 
SCAMS 16 
ACQTM 3.031 sec 
PO 1.969 sec 
SLVMT C5D5N 
EProcessingx 
BF 0.10 Hz 
EXREF 8.70 pp.Ti 
KPIOtJf 
XS -788.2144 Hz 
XE 768.4174 H: 
YG 54.87 
OPERATOR : 
J-UJ L-LL 
[' f M M I 1 i 
Ol 
C O 
A p p e n d i x 11. 25 
5 , 7 " d i a c e t a m i d o - 5 H - i n d e n o 1, 2-b] p y r i d i n e (.246) 
C . / - H . ^ l J \ 0 ^ (Di.lSO) 
PPM i i n (7.) F R E Q ( H z ) P O S I T I O N bAR C 
1 0 . 4 4 5 9 1 1 . 5 9 9 5 1 2 8 2 2 . 1 3 3 9 1 8 
1 0 . 4 1 9 0 3 . 9 5 4 0 0 2 8 1 4 . 8 8 3 9 4 0 + 
1 0 . 2 3 5 9 1 5 . 9 2 3 2 9 2 7 6 5 . 3 9 4 0 9 0 + + + 
1 0 . 1 9 5 6 1 . 529-^6 2 7 5 4 . 5 0 4 1 2 3 
9 . 8 0 1 1 2 - 6 7 1 0 3 2 6 4 7 . 9 4 4 4 4 6 + 
8 . 6 1 7 8 1 0 . 5 7 3 9 5 2 3 2 8 . 2 4 5 4 1 5 + + 
8 . 6 1 2 9 1 2 . 2 9 0 ' . 6 2 3 2 6 . 9 2 5 4 1 9 + + 
0 . 5 9 9 5 1 3 . 0 2 5 9 4 2 3 2 3 . 2 9 5 4 3 0 + + + 
8 . 5 9 3 4 1 3 . 3 0 1 8 5 2 3 2 1 . 6 5 5 4 3 5 -»- + + 
8 . 5 6 1 6 1 1 . 6 5 2 0 9 2 3 1 3 . 0 7 5 4 6 1 + + 
8 . 5 3 1 1 1 3 . 4 2 0 0 7 2 3 0 4 . 8 2 5 4 8 6 + + + 
8 . 5 2 2 6 1 3 . 2 3 0 2 . 5 1 54 9 3 + + + 
8 . 5 1 0 9 1 2 . 9 0 8 2 4 2 3 0 1 . 5 2 5 4 9 6 + + + 
8 . 5 0 4 2 1 1 . 4 8 4 6 1 2 2 9 7 . 5 6 5 5 0 0 + + 
8 . 5 0 0 6 1 1 . 1 4 9 0 4 2 2 9 6 . 5 7 5 5 1 1 + + 
3 . 4 5 1 7 0 . 8 3 4 2 2 2 2 8 3 . 3 7 5 5 5 1 
8 . 4 4 5 6 0 . 9 0 3 3 1 2 2 8 1 . 7 3 5 5 5 6 
8 . 4 3 3 4 0 . 8 3 2 J 7 2 2 7 8 . 4 3 5 5 6 6 
8 - 4 2 7 3 0 . 8 7 5 7 9 2 2 7 6 . 7 8 5 5 7 1 
8 . 0 5 9 7 1 4 . 8 2 5 7 5 2 1 7 7 . 4 7 5 8 7 2 + + + 
8 . 0 5 6 1 1 5 . 7 6 2 0 2 2 1 7 6 . 4 8 5 8 7 5 + + + 
8 . 0 3 9 0 2 . 8 3 9 9 7 2 1 7 1 . 8 6 5 8 8 9 + 
8 . 0 3 4 1 2 . 9 7 9 2 6 2 1 7 3 - 5 4 5 8 9 3 + 
8 . 0 2 0 7 2 - 7 5 1 8 5 2 1 6 6 . 9 1 5 9 0 4 + 
0 . 0 1 5 8 2 . 7 3 0 1 1 2 1 6 5 . 5 9 5 9 0 8 
7 . 9 4 0 1 1 1 . 3 4 4 7 7 2 1 4 5 . 1 4 5 9 7 0 + + 
7 . 9 3 ^ 0 1 1 . 7 4 5 0 6 2 1 4 3 . 4 9 5 9 7 5 + + 
7 . 9 1 2 0 1 2 . 4 7 7 2 1 2 1 3 7 . 5 5 5 9 9 3 + + 
7 . 9 0 7 1 1 1 . 6 3 0 7 7 2 1 3 6 . 2 3 5 9 9 7 
7 . 8 5 7 0 1 8 . 9 3 2 7 3 2 1 2 2 . 7 0 6 0 3 8 + + + + 
7 , 8 3 2 6 2 2 . 4 2 6 3 8 2 1 1 6 . 1 1 6 0 5 8 + H + + 
7 . 8 0 0 8 37". ^.7 1 O'"^  21 0 7 , 5"- ^ 0 8 4 + H -H-
7 . 7 8 9 9 2 1 0 4 , 5 6 -t-
7 . 7 6 5 4 1 8 . 8 0 C 6 2 2 0 9 7 . 9 6 6 1 1 3 4- + + + 
7 . 7 5 9 3 2 0 . 9 3 5 4 8 2 0 9 6 . 3 1 61 18 + + + + 
7 . 7 4 9 6 2 6 . 0 5 2 5 6 2 0 9 3 . 6 7 6 1 2 6 
7 . 7 3 3 6 1 4 . 8 9 0 7 7 2 0 9 0 . 7 0 6 1 3 5 4- + + 
7 . 7 3 2 5 1 3 . 1 2 7 3 0 2 0 8 9 . 0 5 6 1 4 0 4 - 4 - 4 -
7 . 7 2 1 5 6 . - ^ 4 4 3 5 2 0 8 6 . 0 8 6 1 4 9 4 -
7 . 7 0 6 8 8 . 3 8 7 9 7 2 0 0 2 . 1 2 6 1 6 1 4 - 4 -
7 . 7 0 1 9 7 . 2 5 0 L I 2 0 8 0 . 0 0 6 1 6 5 4-
7 . 6 7 5 1 1 . 2 1 5 2 8 2 0 7 3 . 5 5 6 1 8 7 
7 - 6 6 0 4 4 . 2 2 4 8 5 2 0 6 9 . 5 9 6 1 9 9 4-
7 . 6 2 9 9 3 . 2 0 0 6 9 2 0 6 1 . 3 4 6 2 2 4 4-
7 . 4 1 8 6 0 . 8 7 4 7 3 2 0 0 4 . 2 6 6 3 9 7 
7 . 3 8 8 1 3 . 2 ? 4 7 4 1 ^ 9 6 . 0 1 6 4 2 2 4 -
7 . 3 6 2 4 5 . 5 0 J " 9 1 9 8 9 . 0 9 64 4 3 4-
7 - 3 2 4 6 1 6 . 7 ^ 7 S - 1 ' ^ 7 0 . 0 6 • 6 4 7 4 - 4-4--t-
7 . 3 0 5 1 J 4 . P r.r;?*.? 1 9 7 3 . 5 3 t . 490 4 - 4 - 4 -
7 . 2 9 6 5 1 ~' . 5.: " "'-lo 1 9 7 1 . 2 7 6 4 9 7 4- + + + 
7 . 2 7 8 2 1 3 - 5-^2r- 7 1 ^ 6 6 . 3 2 6 5 1 2 -(- 4 4-
7 . 2 6 7 2 1 6 , 0 / : ' . 0 ' i 1'763 . 3 5 6 5 2 1 + 4 - ( -
7 . 2 4 8 9 1 9 5 8 . 4 0 6 5 3 6 4 - - I - 4 -
7 . 2 3 9 1 1 2 .0'-'^*'''5 1 9 5 5 . 7 6 6 5 4 4 4 -J-
7 . 2 2 0 3 1"., 3Er* 1 19 5 0 . 0 ? 6 5 5 9 4 - 4 4-
3 3 3 
Appendix 11^25 (cont'd; 
56 7 . 2 0 2 5 1 .361^.^? 1 9 4 5 - 8 7 6 5 7 4 
5 7 7 . 1 9 3 9 2 . 2 3 7 ' ' 7 1 9 4 3 . 5 6 6 5 8 1 
58 7 . 1 3 5 4 1 . 3 6 9 6 1 J 9 4 1 - 2 5 6 5 8 8 
5 9 7 . 1 6 7 1 1 . 3 2 1 9 U 1 9 3 6 . 3 0 6 6 0 3 
6 0 7 - 1 5 7 3 0 . 8 5 9 0 a 1 9 3 3 , 6 6 6 6 1 1 
6 1 6 . 7 2 0 1 2 . 4 0 ^ 7 9 1 8 1 5 - 5 5 6 9 6 9 
6 2 6 . 6 0 2 9 1 . 9 7 8 3 1 1 7 8 3 . 3 8 7 0 6 5 
6 3 6 . 5 3 4 6 1,92995 1 7 7 8 , 9 3 7 0 8 0 
6 4 6 - 5 7 3 6 2 - 0 6 ^ 4 ^ 1 7 7 5 . 9 6 7 0 3 9 
6 5 6 . 5 5 5 3 2 . 0 9 1 6 7 1 7 7 1 . 0 1 7 1 0 4 
6 6 6 - 0 2 2 8 1 1 . 2 3 0 4 3 1 6 2 7 . 1 6 7 5 4 0 + + 
6 7 5 . 9 9 2 3 1 1 . 0 4 1 3 0 1 6 1 3 . 9 2 7 5 6 5 + + 
6 8 5 . 8 3 9 6 2 , 1 0 9 3 9 1 5 7 7 . 6 3 7 6 9 0 
6 9 5 . 8 3 4 8 2 - 2 4 0 2 6 1 5 7 6 . 3 6 769*1 
7 0 5 . 8 1 1 6 2 , 0 3 6 2 0 1 5 7 0 . 0 9 7 7 1 3 
71 5 . 3 0 6 7 2 , 0 0 8 6 1 1 5 6 8 . 7 7 7 7 1 7 
7 2 5 . 6 9 4 3 1 . 8 7 2 5 ' i 1 5 3 8 . 4 2 7 3 0 9 
7 3 3 . 4 8 5 2 1 . 9 1. 9 - U . 5 9 9 M 8 
7 4 3 . 4 5 8 4 4 . 0 1 6 3 2 9 3 0 . 3 3 96-10 + 
7 5 3 . 4 0 2 2 2 7 . 0 6 3 ^ 9 9 1 9 . 1 6 9 6 3 6 + + - f - f + 
7 6 2 . 5 1 5 6 5 . 9 3 8 ' I 9 6 7 9 , 6 3 1 0 4 1 2 A-
7 7 2 . 5 0 9 5 8 , 0 9 9 2 7 6 7 7 . 9 9 1 0 4 1 7 + + 
7 8 2 . 5 0 3 4 5 . 9 0 7 5 5 6 7 ' > . 3 4 1.0-122 -t 
7 9 2 . 1 6 2 7 16.- V13t-}-^ - 2 9 1 0 7 0 1 + + •+ 
8 0 2 . 1 0 2 9 n ? . 4 66 '"6 5 6 3 . 1 2 J 07;:>0 + + 4 • • 4 • + ^ • ^ - + - ^ • ^ • + + ^• 
8 1 2 . 0 7 9 7 9 9 . 5 9 1 0 9 5 6 1 . 8 5 1 0 7 6 9 + + + + + + + + + + + + + + + + + + + + 
8 2 2 . 0 3 3 3 1 5 . -^.3306 5 4 9 . 3 2 1 0 8 0 7 4 + 4 -
8 3 1 , 9 9 7 3 2 „ 1 0 6 2 0 5 3 9 . 7 5 1 0 3 3 6 
8 4 1 . 9 6 1 2 10O-C'100:H:I 5 2 7 . 3 5 1 0 3 6 6 4- t - H -t 1- t 4- -1 - l - l - l - - » - - H - - 4 + - l - f 4 
3 5 1 - 9 2 5 8 ^ .. .• . > k ' . '...:'VT . 2 0 
8 6 1 . 9 1 1 1 -. • . ,L - - O '.vi 6 - 3 2 1 0 9 0 7 4-
8 7 1 . 3 4 4 0 r?. -^ - r i O . • 7 . • J V 4 9 3 . 11? 1 0 9 6 2 •l-
8 8 1 , 7 6 4 6 f ^ O „ 73A.1 9 ^ 7 6 . 7 3 i . io : ;7 
8 9 1 . 7 1 0 9 1 2 . 75 '?'f'5 ^ 6 2 . 2 2 1 1 0 71 + h + 
9 0 1 . 0 3 6 3 1 . 9 5 1 9 2 — / - T ^ 1 -_• - o 1 1 5 3 2 
91 1 . 0 6 0 0 4 , 1077'1 2 8 6 . 3 7 1 1 6 0 ^ H-
9 2 1 . 0 3 4 3 2 . 0 7 565 2 7 9 . 4 4 1 1 6 2 5 
9 3 0 , 0 0 0 0 2 9 . 7 76 70 tr . 0 0 1 2 4 7 2 f 4 - H - 4 \ +• 
J 
10 
T — I — I — I — I — I — r — I — I — 1 — I — I — r 
9 8 
- | — I — I — I — r — [ — I — I — I — I — I — I — I — I — I — I — I — 1 — I — I — I — r — I — 1 — r 
7 6 5 4 3 
mrrm 
05-MAY-93 14: 12: 30 
MAccumulationx 
OBNUC IH 
OFR 270.05 MHz 
EXMOO NON 
POINT 32768 
PWl 4 .9 us 
FREQU 5405.4 Hz 
SCANS 16 
ACQTM 3.031 sec 
PD 1.969 sec 
SLVNT OMSO 
KPpocessingx 
BF 0.10 Hz 
EXREF 0.00 PPtn 
*(Plot»t 
XS 
XE 
YG 
-60.3500 Hz 
2998.8470 Hz 
3.20 
OPERATOR : 
NHUtCH^ 
H NHCOCH, 
S 9 -
Append 
5H"indeno 'pyridine-5"One N-oxide ) 
PPM I N T C / - ) F R E Q C H z ) P O S I T I O N BAR GRAPH 
8 - 6 2 6 3 3 9 . 4 4 3 4 9 2 3 3 0 . 5 3 5 6 5 7 + + + + + + + + 
8 . 6 2 2 6 4 7 - 9 1 1 4 5 2 3 2 9 . 5 4 5 6 6 0 + + + + + + + + + + 
8 - 6 0 9 2 3 8 . 8 1 5 2 2 2 3 2 5 . 9 1 5 6 7 1 + + + + + + + + 
8 . 6 0 3 1 4 1 - 8 4 4 8 8 2 3 2 4 - 2 6 5 6 7 6 + + + + + + + + 
8 . 2 3 7 9 1 0 . 1 8 5 9 3 2 2 2 5 . 6 1 5 9 7 5 + + 
8 . 2 1 3 5 1 1 . 0 9 4 1 6 2 2 1 9 . 0 1 5 9 9 5 + + 
7 . 9 0 9 4 3 6 - 6 2 2 1 5 2 1 3 6 . 8 6 6 2 4 4 + + + + + + + 
7 . 9 0 3 3 4 0 . 2 3 6 6 9 2 1 3 5 . 2 1 6 2 4 9 + + + + + + + + 
7 . 3 8 1 3 4 1 . 4 0 3 9 7 2 1 2 9 . 2 7 6 2 6 7 + 4- + + + 4--J- + 
7 - 3 7 7 7 4 6 . 4 6 1 3 5 2 1 2 3 . 2 3 6 2 7 0 + + + + + + + + + 
7 - 3 6 6 7 4 7 . 4 9 5 7 2 2 1 2 5 - 3 1 6 2 7 9 + + + + + + + 4- + 
7 . 8 3 3 6 5 0 - 8 6 2 2 1 2 1 1 7 . 7 3 6 3 0 2 + + + + + + + + + -(-
7 .73'^ 'S 3 . 0 5 5 3 7 2 1 0 4 . 5 3 6 3 4 2 + 4-
7 . . 7 6 0 5 1 0 - 6 0 6 9 3 2 0 9 6 , 6 1 6 3 6 6 -r-l-
> - 7 3 3 5 4 0 . 1 6 2 0 7 2 0 9 0 . 6 7 6 3 3 4 + + - { - + 4 - + -V + 
7 . 7 1 2 5 4 7 . 9 6 4 3 9 2 0 3 3 . 7 5 6 4 0 5 -i-4- + + -t--r + 4 + + 
7 . 6 5 0 ! : 1 0 . 7 5 5 8 7 2 0 6 6 . 9 2 64 5 6 4- + 
7 . 6 3 2 2 2 5 . 5 9 4 0 9 2 0 6 1 - 9 7 6 4 7 1 + + + + 4 -
7 . 6 0 4 1 4 7 . 3 1 3 2 2 2 0 5 4 , 3 8 6 4 9 4 - H 4 - + 4--H+-f- + + 
7 . 5 7 3 5 2 4 . 5 5 2 8 1 2 0 4 7 . 4 5 6 5 1 5 4- + + + + 
7 . 5 3 7 - : 1 0 . G O 7 4 9 2 0 3 6 . 9 0 6 5 4 7 + + 
7 . 5 1 2 6 1 4 . 2 6 0 4 2 2 0 2 9 . 6 4 6 5 6 9 + -H + 
7 . 4 9 3 0 9 . 8 2 3 4 8 2 0 2 4 . 3 6 6 5 8 5 + + 
7 . 4 6 1 3 3 5 . 8 1 3 1 5 2 0 1 5 . 7 8 6 6 1 1 + + + + + + + 
7 . 4 3 4 4 5 0 . 3 6 5 7 0 2 0 0 3 - 5 2 6 6 3 3 + + + + + + + + + + 
7 . 4 0 6 3 2 1 . 0 1 9 0 7 2 0 0 0 . 9 4 6 6 5 6 + + + + 
7 . 2 5 0 3 1 0 0 . 0 0 0 0 0 1 9 5 8 . 7 1 6 7 8 4 + + + + + + + + + + ++ + + + + + H- + + 
7 . 2 4 7 6 9 3 . 7 6 7 7 3 1 9 5 3 . 0 5 6 7 8 6 + + + + + + + J- + + + + + + -1- + + + + + 
7 . 2 4 1 = 2 9 . 7 5 4 3 2 1 9 5 6 . 4 0 6 7 9 1 + + + + + + 
7 . 2 3 4 1 4 2 . 4 3 3 7 2 1 9 5 4 - 4 2 6 7 9 7 + - ^ + + + + + + 
7 . 2 1 4 6 4 3 , 3 3 0 0 3 1 9 ^ 9 . 1 4 6 3 1 3 + -4- + + + + + + + + 
7 . 2 0 6 0 4 4 . 5 9 9 6 6 1 9 4 6 . 3 3 6 8 2 0 + + + + + + + + + 
7 . 1 8 7 7 3 9 . 7 0 8 9 4 1 9 4 1 . 8 8 6 8 3 5 + + + + + + + + 
33fa 
03-AP3-52 10: 03: 16 
o 
OBNUC I r 
OFR 270. •.•_JT 
?o:.\" 32766 
PWl 5.0 US 
5^05.^ H.?. 
S C A N S 16 
ACQT:-: 3.031 sec 
PD 1.965 sec 
S L V N T c: C.j 
tippQces 
3F 0.16 H: 
EXREF 7.25 ppm 
xs -571.2676 Hz 
XE 552.6266 Hz 
YG 
OPERATOR 
3.33 
9.0 d.5 a.o 
s 
PPM I 
7 : 0 
I 
' i l l 
ruoj 
03 CO 
1 ! ! 
oTCTxcirmii ' 
- "^ "^  " Z 'iir 
Appendix I I . 2 7 
5H-indeno 1,2 - b l p y r i d i n e M-oxide (oSo) 
NJG. PPM I N T C / . ) 
1 8 6 5 6 1 7 . 9 4 9 7 4 
) ^' 8 5 5 3 1 5 - 9 5 5 3 2 y 
1 ®" 3 5 1 0 1 8 . 1 5 9 7 3 
4 / ^ • 8 3 3 7 1 2 . 5 4 0 3 7 c 3 3 2 6 1 3 . 4 1 2 4 9 
/ . Yo. 2 3 4 3 . 1 6 ^ 4 3 
C 3 - 2 0 9 3 2 8 . 4 3 7 9 0 
5 7 4 3 10 . 6 0 0 6 6 
9 7 - 5 5 7 7 17 - 6 3 7 1 7 
1 ;^ —r / . 54-^^ 19 - 7 2 3 2 9 
i i 7'. 4 9 1 3 1 . 3 0 1 4 0 
i. -1 W7 j 4 7 7 1 4 3 - 4 3 2 3 5 
1 3 4 6 7 4 . 7 2 6 9 0 
14 [ 7 . 4 6 0 0 2 3 . 9 9 7 4 8 
1 5 4 2 1 0 . 9 1 9 2 6 
16 1 / . .•TO 2 9 2 / , 9 0 2 2 3 
17 ( w « 2 5 0 0 21 . 9 5 9 4 6 
13 ; 7 . 1 8 1 6 . 6 4 8 5 3 
1 9 • 7 . 1 5 7 2 2 6 . 9 5 8 4 9 
2 0 L 7 . 1 2 9 1 16 . 6 1 3 4 5 
21 HS.Scf - 9 7 3 6 1 0 0 . 0 0 0 0 0 
F R E Q C H z ) 
2 3 9 5 - 1 9 
2 3 9 2 - 5 5 
2 3 9 1 . 2 3 
2 3 3 7 . 9 3 
2 3 8 6 . 2 8 
2 2 2 4 , 6 2 
2 2 1 3 . 0 2 
2 0 4 6 . 4 6 
2 0 4 1 . 3 5 
2 0 3 3 . 2 2 
2 0 2 4 . . 0 3 
2 0 2 0 . 0 7 
2 0 1 7 . 4 3 
2 0 1 5 . 4 5 
2 0 0 4 . 3 9 
1 9 9 7 
1 9 5 3 
1 9 4 0 
1 9 3 3 
1 9 2 6 
1 0 7 3 
31 
71 
6 3 
0 4 
P O S I T I O N 
5 4 6 2 
5 4 7 0 
5 4 7 4 
5 4 3 4 
5 4 8 9 
5 9 7 9 
5 9 9 9 
1 9 
BAR GRAPH 
6 5 4 4 
6 5 9 9 
6 6 0 7 
664^ 
678^: 
6 8 4 1 
3 3 S 
I N 
ro 
1- - r - •^ r-
9 8 
A 
T — : — 1 — r 
11 T l 'II! 
I I 
2l-Ar.=l-93 15: 27: 35 
jiAccurri'jlation^: 
PPM 
OB.'.OC 1; 
0.-n 
r\"*'ri''i ' 
270.05 
POI . * :T 32:^ 66 
PKl ^.9 U3 
.=REC'J ' J 7 
S C A : : S 16 
ACQT:-: 3.031 sec 
? a 1.969 sec 
S L V : ; T CJCL3 
*iPrQces s ing t^ 
BF 0.10 Hz 
EXaEF 7.25 ppji 
KPlot^t 
XS 170.6935 Hz 
XE 2701.6630 Hz 
3.36 
OPcRATOn : 
ro 
: . , ! I . . I . I I t 
CDCOCDCDCD 
Appendix 11.28 
7-nitro - 5 H-indeno [ l ,2-b] p y r i d i n e - 5 - o n e N-oxide (25i ) 
8 
9 
10 
11 
1 2 
i —•• 
14 
1 5 
16 
17 
13 
1 9 
2 0 
21 
:4 
- c 
' ^ _' 
•6 
;7 
? 3 
r.9 
M-6 
M - 3 
I NT ('/.) F R E G ( H z ) P O S I T I O N 
0 . 3 4 5 3 4 2 3 8 1 . 4 3 5 2 4 6 
0 . 3 5 2 9 1 2 3 7 9 . 7 8 5 2 5 1 
0 - 3 5 9 7 3 2 3 7 6 . 4 3 5 2 6 1 
0 . 3 5 1 8 2 2 3 7 4 . 8 3 5 2 6 6 
0 . 3 3 0 5 8 2 3 1 6 , 1 1 5 4 4 4 
0 . 3 3 3 4 3 2 3 1 4 . 1 3 5 4 5 0 
0 - 3 6 3 7 2 2 3 0 7 . 8 6 5^-69 
0 . 3 3 6 0 0 2 3 0 5 . 3 8 5 4 7 5 
0 - 5 7 2 1 0 2 2 4 9 . 7 9 5 6 4 5 
0 . 5 0 7 2 3 2 2 4 7 . 4 8 w' C3 w-
0 . 3 3 3 2 9 2 2 0 0 - 6 4 5 7 9 ^ 
0 . 3 4 5 3 1 1 O Q * T 5 7 9 8 
0 . 3 7 6 2 9 2 1 9 3 . 0 5 w* r J . . 
0 . 3 6 9 7 7 2 1 9 1 . 7 3 5 3 2 1 
0 . 6 2 1 3 3 2 1 8 5 ..46 5B4C-
0 , 5 5 8 9 4 2 1 7 7 . 2 1 5 3 6 5 
0 . 2 5 0 9 3 2 0 7 7 . 2 5 6 1 6 3 
O . 2 5 ^ 7 2 2 0 7 2 . 9 6 6 1 3 1 
0 . 3 5 7 5 6 2 0 4 0 . 9 5 6 2 7 3 
0 . 3 6 6 6 2 2 0 3 6 . 0 1 6 2 9 3 
0 . 3 3 4 1 8 2 0 3 3 . 7 0 6 3 0 0 
0 , 3 2 6 4 2 2 0 2 3 , 4 2 6 3 1 6 
1 . 5 9 3 6 7 9 4 5 . 9 5 9 5 9 7 
1 0 0 , 0 0 0 0 0 9 3 2 . 0 9 9 6 3 9 
1 . 2 6 6 3 4 9 1 8 . 9 0 9 6 7 9 
0 . 1 9 1 5 ^ 9 0 6 . 6 9 9 7 1 6 
0 . 2 9 5 3 9 6 6 5 , 6 4 1 0 3 8 6 
1 . 1 3 3 2 7 6 7 3 , 7 2 1 0 4 0 7 
2 . 3 9 9 9 1 6 7 7 . 0 7 1 0 4 1 2 
3 . 2 1 4 5 7 6 7 5 . 0 9 1 0 4 1 3 
2 , 2 9 5 7 7 6 7 3 . 4 4 1 0 4 2 3 
1 . 0 1 3 1 6 6 7 1 . 4 6 1 0 4 2 9 
0 . 2 7 4 4 8 5 0 5 . 5 1 . 1 0 9 3 2 
0 . 3 2 7 7 0 1 1 4 7 3 
0 , 2 5 1 0 4 dL. . o 1 1 7 5 0 
0 . 6 6 9 8 1 2 2 6 . 7 3 1 1 7 7 7 
0 . 6 3 7 7 6 2 2 0 . 1 3 1 1 7 9 7 
0 . 4 2 6 3 6 2 1 2 , 2 1 1 1 8 2 1 
0 . 2 7 7 2 3 2 0 4 . 9 5 1 1 8 4 3 
BAR GRAPH 
+ + 4 - 4 - 4 - + + + + 4--H 4 - + + 4 - + 4 -4 -4 -4 -
0 2 - F E B - 9 3 10; 28: 3 ? 
9.0 
r ~ i — 
8:5 8.0 
KAccjdi'j.ation*-
: OBrrjc IH 
^ OFR 
: EXMOD flC:: 
i POiriT 
! pwi 
FREQU 
SCAMS 
ACQTM 
PD 
SLVNT D.ySO 
2:^0.05 t^y.z 
32:^68 
4 . 9 us 
5405 .4 H I 
16 
3 . 0 3 1 sec 
1.959 sec 
HProcessingx 
BF 
EXREF 
0.10 Hi 
2.50 ppm 
xPlocx 
XS 
XE 
Y6 
OPERATOR 
•824.7994 Hz 
561 .1592 Hz 
3 8 5 . 3 3 
fi i ! I 1 1 1 I 11 
moxun 
mrxnn mm o o 
g X t X T M O C P P 
oim 
mr-s, T-JXOCD.-l. i r m n i — 
Appendix 11.29 
7-nitro-5H"indenori p y r i d i n e N-oxide (252) 
• PPM INTC/.) FREQCHe) POSITION BAR GRAPH 
1 9 . 3 0 5 2 1 1 . 0 2 3 9 9 2 5 1 3 . 9 6 5 1 0 1 + + 
8 . 9 2 5 4 2 1 . 5 4 5 5 0 2 4 1 1 . 3 6 5 4 1 2 + + + + 
•7 8 . 3 9 4 9 2 4 . e i 9 3 1 2 4 0 3 . 1 1 5 4 3 7 + + + + + 
4 8 . 3 8 9 4 4 5 . 2 4 9 4 6 2 2 6 6 . 5 2 5 8 5 1 + + + + + - t - + + -H 
5 S. 3 4 Q 5 2 9 . 9 5 5 3 9 ^ ^ ^ -_• • --• rf^ 5 8 9 1 + 4 . + + + + 
6 8 . 3 0 3 2 4 1 . 6 8 1 3 6 2 2 4 2 . 4 4 5 9 2 4 + - i - + + + + 
7 8 . 2 7 5 3 2 9 . 6 0 3 4 6 2 2 3 5 . 8 4 5 9 4 4 + + + + - ( " ! -
3 7 . 6 7 7 4 2 6 . 3 4 2 0 1 2 0 7 4 . 1 3 6 4 3 4 + + •+- + + 
T 
-T 
. b C - 7 3 1 2 . 3 9 5 ^ 7 2 0 5 5 . 3 7 6 4 9 1 + + 
/ . ^ ,—, ,-^ 1 4 . 8 8 3 2 4 2 0 4 3 . 4 4 6 5 1 2 + + + 
1 i • 5 4 1 9 3 0 . 7 5 4 2 2 2 0 3 7 . 5 6 6 5 4 5 - l - + H - - r - t - - ) -
-J 5 1 5 Q : 5 2 . 3 4 5 c : t a 2 0 3 0 . 3 0 6 5 6 7 + - 1 - 4 - + + - r + - h - h + ' 1 -
- r —t — -^^  ,- f i^ 2 1 0 . 1 G 6 5 7 1 9 7 9 . 4 9 6 7 2 1 -1- + + 4 
4 1 3 C 2 5 2 5 . 0 3 9 3 2 1 9 7 2 . 3 9 6 7 4 1 + -*- + + 
cr —r 
/ - 2 5 0 0 1 0 . 2 8 0 2 7 1 9 5 3 . 7 1 6 7 3 4 + + 
/ 
O 4 . 2 5 5 7 1 7 . 7 7 4 1 1 1 1 4 9 . 7 4 9 2 3 6 
+ + + 
4 . 
* .-^  • 
1 0 0 . 0 0 0 0 0 1 1 0 9 . 4 9 9 3 5 8 + + + - 1 - + + H-
I IIII 
in 
-I 1 1 1 r [ 1 1 1 1 1 1 1 1 r 
7 6 5 
T 1 r 
PPM 
-T 
29-APR-93 U: 49: 19 
JiAccumulationx 
OBNUC IH 
OFH 270.05 MHZ 
EXMOD mi 
POINT 3276B 
PWl 4.9 us 
FHEQU 5s05.4 Hz 
SCANS 16 
ACQTH 3.031 sec 
?0 1.969 sec 
SLVNT CDCL3 
^Processings 
EXHEF 
0.10 HZ 
7.25 pp^i 
XS -2-;8.39-^0 H2 
X= 1864.1470 Hz 
YG 8.70 
OPEflATOR 
Hi 
1 1 1 (! 
inin rvjoi 
OTtO 
coto 
aj'-'or . mmmru 
to r-n. in on . 
Appendix I I I 
13-C nmr> 
Summary of -^^ C KIvIR (eppendix I I I ) 
1 3 
-^ C KivIR s t u d i e s have been undertaken by Pormichov et e l 
and V/entrup end r.iayer'for t h r e e of the four i s o m e r i c 
i n d e n o p y r i d i n e s . T h e i r r e s u l t s f o r 5 H - i n d e n o C l , 2 - b l p y r i d i n e 
( 4 ) ere shov/n i n Table 8 . 
A t t r i b u t i o n Expected S h i f t 
Carbon l!o ppm ppm Eu(dpm)^ 
9 b 1 5 8 . 9 1 5 9 . 0 4 . 6 4 
2 1 4 6 . 9 1 4 6 . 4 1 0 . 6 0 
5 e 142 . 5 143 . 0 1 . 5 5 
9 a 1 3 9 . 9 1 3 8 - 1 4 1 . 0 2 . 0 0 
4 a 1 3 5.7 1 3 6 . 0 - 0 . 4 4 
4 1 3 0 . 8 1 3 1 - 1 3 3 2.40 
7 / 8 127 . 5 1 2 6-128 0.70 
7 / 8 1 2 5 . 9 126-128 0.70 
6 ( 3 ) 124 . 0 124 . 8 0.70 
9 1 1 9 . 8 1 1 9 . 7 4 . 0 0 
3 ( 6 ) 1 1 9 . 8 1 1 9 - 1 2 1 2 . 0 0 
5 3 3 . 6 37 1 . 3 0 
1 3 
I n g e n e r a l C HiviR was used to confirm the s t r u c t u r e of 
the i n d e n o p y r i d i n e , i e the c o r r e c t number of carbon atoms 
were p r e s e n t , m some c a s e s attempts have been made to 
a s s i g n v a l u e s to the carbon atoms by comparison w i t h 
the r e f e r e n c e compound ( 4 ) shown above. 
Appendix I I I . 1 shows the s p e c t r a f o r ( , 4 ) . A l l the v a l u e s 
correspond v e r y c l o s e l y except f o r t h a t of C - 5 v;hich i n 
t h i s case was found to be s l i g h t l y u p f i e l d from the quoted 
val u e , at ^  = 3 4 . 3 7 7 ppm (Ref 5 ' = : 3 7 p p m ) . 
Appendix I I I . 2 shov;s the s p e c t r a of the oxo compound 
( 8 ) . The v a l u e s ere s i m i l a r to t h a t of the methylene 
compound except f o r C-5, whose chemical s h i f t i s 
r= 1 9 2 ppm. 
The s p e c t r a f o r the c a r b o x y l i c a c i d (appendix 1 1 1 , 3 ) , 
(158) shows only 1 0 peaks. T h i s mrust mean t h a t 2 p a i r s 
of carbon atoms must be e q u i v a l e n t .The COOH carbon i s 
found ,as e x p e c t e d " ^ , at<r= l 6 9 p p m . 
For the hydrazone ( 5 5 ) , appendix I I I . 4 , the chemical 
s h i f t i s at «r= 1 5 7 . 7 
For the a l c o h o l s ( 2 1 5 ) and . ( 2 2 2 ) the chemical s h i f t s of 
C - 5 are found at 71.729 and 80.829 ppm (appendix I I I . 5 
and 6 ) . 
For the oximes ( 2 2 4 ) , ( 2 2 5 ) and ( 2 2 6 ) , the C - 5 has a 
chemical s h i f t of f = 1 5 0 . 8 ppm (appendix 1 1 1 . 7 , 8 , 9 ) . 
Appendix I I I . 8 and 9 a l s o show chemical s h i f t s f o r 
CH2 at 7 6 . 9 and 7 4 . 4 ppm r e s p e c t i v e l y . 
The chemical s h i f t f o r C= 0 of the acetamide group i n 
compound ^ 2 3 0 ) , appendix I I I . 1 0 , i s found at cf = 1 7 0 . 7 p p n 
The methyl carbon has a chemical s h i f t o f r = 53.007 ppm. 
The NMR s p e c t r a f o r the bromo compound (233) i s shovm i n 
appendix I I I . 1 1 and has a chemical s h i f t , f o r C - 5 , of 
<J' = 1 9 0 ppm. The C - 7 carbon may have a chemical s h i f t of 
5"= 127 ppm. 
S i m i l a r l y , f o r the dibromo compound ( 2 3 4 ) , the chemical 
s h i f t f o r C - 7 and C - 9 carbons maybe 1 3 4 . 4 and 127 . 4 5 ppm» 
r e s p e c t i v e l y . Appendix I I I . 1 2 
Appendix 1 1 1 , 1 3 shows the s p e c t r e of the tetrebromo 
compound ( 2 3 7 ) . O n l y nine peaks are s e e n , i n d i c a t i n g t h a t some 
of the carbons must be e q u i v a l e n t . 
To f i n d out whether the bromine atoms ere on the C6-C9 
carbon or at the methylene p o s i t i o n a DEPT measurement 
v;as e a r r i e d out.A p o s i t i v e peek i n d i c a t e s a CH carbon 
atom and a nega t i v e peak i n d i c a t e s e carbon. I n t h i s 
case, appendix I I I . 1 5 , t h r e e p o s i t i v e peaks are seen end 
one n e g a t i v e peak at 3 7.282. T h i s proves t h a t the bromine 
atoms ere s u b s t i t u t i n g a t the C 6 , 7 , 8 and 9 p o s i t i o n and 
not at the methylene p o s i t i o n . 
For the n i t r o compound (238),appendix I I I . 1 5 i n d i c a t e s 
a chemical s h i f t f o r C - 5 at<5'=188.9 ppm.The chemical 
s h i f t of C - 7 maybe at ^ ^ = 1 3 5 . 5 Ppm, by comparison w i t h the 
s p e c t r e f o r C8). 
Appendix I I I . I 6 shows the s p e c t r a f o r the reduced n i t r o 
compound ( 2 3 9 ) . T h e s p e c t r a i n d i c a t e s the presence of 
th r e e isomers with resonances appearing a t ^ = 3 4 . 8 , 
3 4 . 7 and 3 4 . 5 ppm.This i n d i c a t e s t h a t n i t r a t i o n maybe 
o c c u r i n g , a t C - 6 end C - 9 p o s i t i o n as w e l l as the 
expected C - 7 p o s i t i o n to giv e the three n i t r o - isomers 
t h a t are seen. 
The amino compound ,whose s p e c t r a i s shown i n appendix 
111.17. has a chemical s h i f t f o r C - 5 et <5"=192 ppm. 
The chemical s h i f t of C - 7 maybe e t < r » 1 3 6 , 3 ppm, by 
comparison w i t h the s p e c t r a f o r C8). 
The s p e c t r a f o r the N-oxide of ( 8 ) , eppendix I I I . 1 8 , was 
ve r y s i m i l a r to t h a t f o r ( 8 ) . 
I n g e n e r a l , the chemical s h i f t s f o r the carbon atoms of 
the p y r i d y l r i n g do not a l t e r very much.The v a l u e s f o r 
the benzene carbons are a l s o very s i m i l a r . 
u n l y does the value of C - 5 a l t e r ; i n the oxo com.pounds 
the chemical s h i f t i s approximately 192 ppm. For the 
oximes , hydrazone and acetamide compounds the s h i f t i s 
reduced to <r=151,.157 and 159 ppm r e s p e c t i v e l y . 
When en a l c o h o l group i s attached to C - 5 f t h e chemical 
s h i f t i s reduced f u r t h e r to ^ "=70 or SOppm. 
For the methylene compounds , the chemical s h i f t i s 
ep p r o x i u a t e l y "^5:37 ppm. 
Appendix 1 
5H-indeno 1 , 2-b|pyridine ( 4- ) 
(CDCl^) 
No PPM INT(%) FREQCHz 
160 .100 
1 147c960 90 .54817 10051 .4 
2 143.504 1 7 . 8 8 I 3 6 9748 .7 
3 140 .611 10 .34391 9 5 5 2 . 2 
4 136 .622 15 .39841 9281 . 2 
5 132 .309 77.80962 8 9 8 8 . 2 
6 128.571 100 .00000 8734 . 3 
7 127.188 93»59549 8 6 4 0 0 
8 125 .049 74.08118 8495 . 0 
9 120.970 75.18009 8217 . 9 
10 120 .755 66 .70911 8203 . 3 
11 34 . 3 7 7 7 9 . 1 2 9 3 9 2 3 3 5 . 4 
34-5 
S o . 
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12-0CT-92 14: 03: 54 
NAccumuIa tionx 
OBNUC 13C 
OFR 67.80 MHz 
EXMOD BCM 
PGIfJT 32768 
PWl 5.0 US 
FREQU 20000.0 Hz 
SCANS 50 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVNT C3CL 3 
xPnocessingK 
BF 1.22 Hz 
EXHEF 77.00 ppm 
>iP10t*i 
xs 60.8550 Hz 
XE ISBS-l.eiOO Hz 
YG 2.47 
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Appendix I I I . 2 
5H-indeno 1,2-bjpyridine - 5-one ( g ) 
0^2^^ (CDCL^) 
No PPM IHT( ^ ) FREQ(Hz 
192.000 
1 164.851 7.69008 11198.9 
2 153.854 86.04605 10451.8 
3 143.324 9 . 32347 9736.5 
4 135.184 88 . 77431 9183.5 
5 134.573 7.98209 9142.0 
6 131 .213 77.45042 8913.7 
7 130.853 100.00000 8889.3 
8 128.176 7.98091 8707.4 
9 123.989 91.44891 8423.0 
10 123 . 145 86.86009 8365.6 
11 120.809 69.70526 8206.9 
34-1 
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3(1. 
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EX270 
20-JUN-91 11:48:40 
xAccumulationx 
OBNUC 13C 
OFfl 67.80 KHz 
EXMOD BCM 
POINT 32768 
PWl 5.5 US 
FREQU 20000.0 Hz 
SCANS 112 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVNT CDCL3 
»(Processing« 
BF 1.50 Hz 
EXREF -77.00 ppm 
XS -480.1704 H2 
XE 15285.0100 Hz 
YG 1.93 
OPERATOR : 
"T" 
200 150 100 50 
PPM 
v n m n L D O T n O T 
crr^«-trTr'«r»To r-cxno. if-w~>»-ir> 
Appendix I I I . 3 
2 - p h e n y l - 3 - p y r i d i n e c a r b o x y l i c a c i d U 5 8 ) 
C-,2HgN02 (DI^ISO) 
rio PPM INT {%) PREQ(Hz) 
1 169 .327 23 .20372 1 1 5 0 3 . 0 
2 156.892 15 .75188 1 0 6 5 8 . 2 
3 150 .837 40 . 3 1 2 7 6 1 0 2 4 6 . 8 
4 139 .893 13 .66937 9 5 0 3 . 4 
5 137 .360 36 .43231 9 3 3 1 . 3 
6 , 128 .663 100 .00000 8740 . 5 
7 128 . 609 48 . 63041 8 7 3 6 . 8 
8 128 .375 21 .93986 8721 . 0 
9 128 . 106 72 . 97092 8702 . 7 
10 122.104 36 .92995 8294 . 9 
15-JAN-93 11: 01: 32 
«AccumulationK 
OBNUC 13C 
^ OFR 67.80 MHZ 
! EXMOD BCM 
' POINT 32768 
PWl 5.0 u s 
FHEQU 20000.0 Hz 
SCANS 50 
ACQTM 0.819 s e c 
, PD 1.181 s e c 
i SLVNT DMSO 
E P r o c e s s ing»( 
BF 
EXREF 
*(P10t*( 
XS 
XE 
YG 
1.22 Hz 
39.50 ppm 
•3081.0550 Hz 
4072.2660 Hz 
3.48 
OPERATOR : 
170 160 150 
-1 ' r 
140 130 120 
mcrirxo OQ. 
Appendix 
5H-indeno 
I I . 4 
,2-b pyridine-5-one hydrazone ( 5 5 ) 
^ 1 2 ^ 9 ^ ^ (Dii^SO) 
No PPM IN T ( % ) FREQ(Hz) 
1 157.747 18 . 12599 10716 .3 
2 139 . 311 24.30825 9 4 6 3 . 8 
3 538.807 24.63338 9429 .7 
4 138.268 20.94174 9393.0 
5 129 . 571 33.54507 8802.2 
6 • 128.475 92.27212 8727.8 
7 127 . 5 2 3 3 5 . 6 6 6 5 2 0 6 6 3 . 1 
8 127.181 94.27636 8639.9 
9 125.169 77.80510 8503.2 
10 120.317 87.02689 8173.6 
11 119.814 89.34355 8139.4 
12 119.670 99 .29222 8129.6 
351 
150 100 
"T 
50 
26-N0V-92 14: 34: 38 
J(Accumulation»t 
OBNUC 13C 
OFR 67.80 MHz 
EXMQD BCM 
POINT 32760 
PWI 5.0 us 
FREQU 20000.0 Hz 
SCANS 50 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVNT DMSO 
xProcessingK 
BF 
EXREF 
XPlOtK 
1.22 Hz 
39.60 ppm 
XS 
XE 
YG 
22.5840 Hz 
13654.6200 Hz 
2.77 
OPERATOR : 
cncrrn n ru rvrvruru-*^ 
irX\XTKOC\XJ) 
OOOlOTOTtD 
A p p e n d i x I I I > 5 P — 
(gS>3"Hydroxy -5 i i - i ndeno 1 ,2 -b | p y r i d i n e (Z iS ) 
No PPM I M T ( ^ ) PREQ(Hz) 
1 1 5 8 . 5 2 0 1 9 . 7 4 3 1 0 7 6 8 . 8 
2 1 4 9 . 4 6 3 9 6 . 5 1 1 8 9 1 0 1 5 3 . 5 
3 1 4 7 . 9 9 0 4 1 . 0 9 1 0 5 1 0 0 5 3 . 4 
4 1 4 0 . 7 1 2 28 .89713 9 5 5 9 . 1 
5 1 3 9 . 1 6 7 3 1 . 0 1 7 1 3 9 4 5 4 . 1 
6 132 .734 97 .52422 9017 . 1 
7 1 2 9 . 4 9 9 7 2 . 5 6 1 9 2 8 7 9 7 . 3 
8 128 .924 7 6 . 5 7 6 1 0 8 7 5 8 . 3 
9 1 2 5 . 4 5 6 7 5 . 8 2 8 2 7 8 5 2 2 . 7 
1 0 1 2 2 . 3 1 2 92 .75435 8309 . 1 
11 1 2 0 . 1 9 1 9 9 . 9 0 0 8 9 8 1 6 5 . 0 
12 7 1 . 7 2 9 1 0 0 . 0 0 0 0 0 4 8 7 2 . 8 
153 
13-0CT-92 13: 13: 18 
*iAccuinulation»t 
OBNUC 13C 
OFR 67.60 MHz 
EXMOD BCK 
POINT 32768 
PWl 5.0 us 
FflEQU 20000.0 Hz 
SCAMS 50 
ACQTM 0.819 sec 
?D 1.181 sec 
SLVfiT DXSO 
i Jiprocessingtf 
Br 1.22 H: 
E>:SEF 39.60 ppm 
OPERATOR 
2 5 . 0 2 5 ^ H: 
3 6 5 s . 6 2 0 0 Hz 
1 . 9 5 
o roo 
<\i l£XTt ..^ in in T 
00 err-. ocn rvjcncD in ruo in OJ ruru m-fm * 
ocTcnoxo 
A p p e n d i x I I I , 6 
5 - P h e n y l - 5 " h y d r o x y i n d e n o [ l , 2 " ^ p y r i d i n e (ZZ2- ) 
C^qH^^WO (DI'^SO) 
No PPM FREQ(Hz) 
1 158 ,294 17 .221 10753 .4 
2 152 .005 24 .535 10326 .2 
3 149 .561 42 .443 10160 .2 
4 145 .086 2 4 . 5 4 8 9 8 5 6 . 2 
5 1 4 4 . 0 0 8 26 .282 9783 .0 
6 1 3 8 . 6 8 9 24 .325 9421 .7 
7 132 .149 45 .076 8 9 7 7 . 3 
8 130 .064 4 2 . 6 4 8 8 8 3 5 . 7 
9 128 .968 4 7 . 5 2 4 8 7 6 1 . 3 
10 128 .213 98 .077 8 7 1 0 . 0 
11 127 .045 40 .99481 8 6 3 0 ; 6 
12 1 2 5 . 1 5 9 100 .000 8 5 0 2 . 5 
13 124 .871 51 .646 3 4 8 2 . 9 
14 122 .769 48 .075 8 3 4 0 . 1 
15 120 .253 46 .547 8 1 6 9 . 2 
16 8 0 . 8 2 9 29 .224 5491 .0 
17 4 0 . 4 1 6 16 .898 2 7 4 5 . 6 
18 3 8 . 5 8 4 15 .636 2 6 2 1 . 1 
555 
16-0CT-92 14: 04: 18 
JiAccumulationx 
oarjuc 13C 
GFa 67.80 
EXMOO BCM 
POINT 32"68 
pw: 5.0 US 
FREQJ 20000.0 HI 
SCANS 50 
ACQT.V 0.819 sec 
PD ! . 181 sec 
SLVN^ DI-'SG 
eProcess: 
! 9-" 1.22 H: 
"EXREF 39.50 ppm 
XPlOtK 
XS 17 .0U7 Hz 
13654.6200 Hz 
3.04 
J ) 
I 1 I I I ( I I ! [ I • ^ 
in*-" uxo O) CO OJ oin OO to 
to fUCTl CD tn m W1 *-« 
1 • 1 
--ojnjocraxocL 
A p p e n d i x I I I « 7 
5 H - i n d e n o p y r i d i n e - 3 - o n e ox ime (224 ) 
C^2^Q1^2^ ( D M S O ) 
Ho PPM FRliXJ (Hz) 
1 151 .034 15 .616 10260 .3 
2 140 ,181 3 0 . 6 6 6 9523 .0 
3 139 .300 3 5 . 4 6 6 9 4 6 3 . 2 
4 135 .347 2 6 . 5 7 5 9 1 9 4 . 6 
5 130 .729 9 2 . 8 4 3 8 8 8 0 . 9 
6 129 .723 3 3 . 7 0 2 8 8 1 2 . 5 
7 129o597 7 8 . 7 1 6 8 8 0 4 . 0 
8 128 .537 7 3 . 7 7 4 8 7 3 2 . 0 
9 128 .357 9 5 . 8 9 6 8 7 1 9 . 7 
10 127 .998 8 0 . 1 7 4 8 6 9 5 . 3 
11 120 .828 9 1 . 2 6 4 8 2 0 2 . 3 
12 120 .361 100 .000 8 1 7 6 . 5 
357 
l l-NOV-92 15: 11: 19 
xAccumulationit 
OBNUC 13C 
OFH 67.80 MH: 
EXMOD BC.X 
POINT 32768 
PWl 5.0 us 
FflEQU 20000.0 Hz 
SCAMS 50 
ACQTM 0.819 sec 
1.181 sec 
SLvra o.vsc 
KProccssingj; 
' 3F 
i EXFIEF 
1 . 2 2 i 
3 9 . 5 0 pp: 
OPERATOR 
1 5 . 7 9 1 0 H: 
1 3 6 5 s . 6 2 0 0 Hz 
3 . 1 1 
11 
coo '^rix\xjrrtjn^^\xD 
ocn inooToraocr •*nn mrnrjrurururururu 
cuoocnmn. 
ooxraxo 
00 
in 
A p p e n d i x I I I . 8 
5K . - indeno 1 , 2 - b p y r i d i n - 5 - o n e 4 - c h l o r o b e n z y l o x i m e ( I Z S ) 
^19^13^^2^^-*- (^^^^3) 
lio PPM H I T ( ^ ) PREQ(Hz 
1 150.637 38 .87389 10233.3 
2 150 .062 31.79236 10194.3 
138 .0 
3 135.741 40 . 76198 9221.4 
4 131.357 34.66195 8 9 2 3 . 5 
5 130.314 54.45968 8 8 5 2 . 7 
6 129 .973 32 .48300 8 8 2 9 . 5 
7 129.632 48 .78187 8 8 0 6 . 3 
8 129.434 81 . 54029 8 7 9 2 . 9 
9 129.344 49.21246 8 7 8 6 . 8 
10 128 .931 34 . 10738 8758 . 7 
11 128 . 769 31.30946 8 7 4 7 . 7 
12 128 . 535 100 .00000 8731 .8 
13 122 .210 48 .17536 8 3 0 2 . 2 
14 121 . 959 31.88399 8285 .1 
15 121 . 366 40.32071 8 2 4 4 . 8 
16 120.683 48 .88435 8 1 9 8 , 4 
17 120 . 539 38o35715 8 I 8 8 0 6 
18 •76.964 50.66137 5228 .4 
35q 
mm 
inn 
snn^-c-^/nrn^iiTnicrn-UTiDoxn 
(tTfTxnfufyfyru\if\jnjr\jrut\jc\ry 
O'^mino. 
coaxom 
26-N0V-92 11:08:35 
xAccumulationK 
OBNUC 13C 
OFfl 67.80 MHz 
EXMOD BCM 
POINT 32768 
PWl 5.0 us 
FREQU 20000.0 Hz 
SCANS 50 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVNT CDCL3 
EProcess ingjf 
BF 
EXREF 
*(Plot»( 
1.22 Hz 
77.00 ppm 
XS 
XE 
YG 
53.5293 Hz 
13654.6100 Hz 
2.60 
O 
OPERATOR : 
A p p e n d i x I I I . 9 
5 H - i n d e n o 1 , 2 - b p y r i d i n e - 5 - o n e 2 , 4 - f l i c h l o r o b e n z y l o x i m e ( a z t ) 
Ho PPIvI IHT (%) FREQ(Hz) 
1 150.889 32.73276 10250.4 
2 150 ,368 53.57168 10215.0 
3 140 .377 17.27290 9536.3 
4 135.867 39.76220 9229.9 
5 131.572 43.74437 8938.1 
6 130 , 728 45.10150 8 8 8 0 . 8 
7 130.494 75.15963 8864 .9 
8 130.099 49 . 82367 8838.0 
9 129 . 739 36.76849 8813 . 6 
10 129.326 50.19113 8785 . 6 
11 129.290 47.34994 8783.1 
12 128 .859 55 .39841 8753 .8 
13 1 2 7 . 0 9 8 100.00000 8634.2 
14 122.372 39.236O8 8313.1 
15 122 .085 45.92479 8293 .6 
16 121.563 35 . 96256 8 2 5 8 . 2 
17 1 2 0 . 8 0 9 42 .78948 8 2 0 6 , 9 
18 120.647 47 . 25890 8 I96 .O 
19 7 4 . 4 4 8 59 .05801 5057.5 
EX270 
03-SEP-91 11:03:38 
xAccumuIatlonx 
OBNUC 13C 
GFR 67.80 MHz 
EXMOD BCM 
POINT 32766 
PWl 5.0 us 
FflEQU 20000.0 Hz 
SCANS 16 
ACQTM 0.819 see 
PO 1.181 sec 
SLVNT CDCI.3 
1.22 Hz 
77.00 ppm 
*fProccssing« 
EXREF 
KPlotx 
XS 29.3281 Hz 
XE 13586.6800 Hz 
YG 2.28 
OPERATOR : 
O - C H 
mm rafrnWr 
o x D f ^ o j txr ro ic jxoo qicof^nrnCJ) • 
axn m GO i r r - Tor -^nru ooocnomsiD 
o o o i r i -r< x i i T i o x r i ea^rjM^rpo 
A p p e n d i x I I I . 1 0 
^ 1 4 ^ 
No PPM FREQCHz) 
1 170 .777 24.09133 11601.5 
2 159 . 564 13 .28267 10839.7 
3 149.861 96.09024 10180 .6 ( p y r i d i n e ) 
4 149 . 537 6 4 . 4 8 4 4 9 10158 . 6 
5 149 .465 95.05297 10153.7 
6 146 .123 21 . 41676 9926 . 7 
7 139-255 1 9 . 5 7 4 3 9 . . 9^)62.8 
8 135.539 60.65404 9207.7 ( p y r i d i n e ) 
9 135.162 56.65191 9182 . 0 
10 134.803 56.25333 9157.6 
11 129 . 412 72.09106 8791 .4 
12 125.297 65.23098 8511 .9 
13 123.500 99.06312 8389 .8 ( p y r i d i n e ) 
14 123 . 141 100.00000 8365.4 
15 122 . 781 92 . 29408 8341 .0 
16 120.697 63.62191 8199 .4 
17 53 . 007 50.46922 3601.0 
OPERATC^ : 
H' KWCOCH3 
20-JAN-93 10: 19: 28 
xAccuEfijlationx 
QBNUC !3C 
OFR 67,80 KHz 
EXMOD ECM 
POINT 32768 
PWl 5.0 us 
FflEQU 20000.0 Hz 
SCANS 50 
ACQTh 0.819 sec 
PD 1.181 sec 
SLVriT C5D5rJ 
j(Proces3ing« 
BF 1.22 H: 
EaREF 123.50 ppm 
xPlov . 
XS -41.9595 Hz 
XE 13654.6300 Hz 
YG 2.89 
axrrv cvir>"-cD T oirV'-c^ I D 
aXTOl I D •xnrnr o> irmmai o mrnrom o j runxuru r j 
Appendix 111.11 
7-i5romo-5H-indeno 1,2-b| pyriQin&-^-one(a33) 
C^^H^mBr (CDCl^ ) 
Wo PPM im(%) PREQ(Hz) 
1 190 .080 7 . 7 4 7 12912 . 8 
2 164 .204 7 .931 11154 .9 
3 154 .231 97 .415 10477 .5 
4 1 4 1 . 9 2 2 1 2 . 1 2 8 9641 .3 
5 137 .772 8 2 . 8 5 8 9359.3 
6 136 . 082 9 .906 9244 .5 
7 131 .554 7 2 . 6 4 2 8 9 3 6 . 9 
8 1 2 7 . 7 9 9 10 . 209 8 6 8 1 . 8 
9 1 2 7 . 2 9 6 9 9 . 9 0 6 8647 . 6 
10 125 . 085 19 .241 8 4 9 7 . 5 
11 123.432 91 . 721 8 3 8 5 . 2 
12 122 .282 100 .000 8 3 0 7 . 0 
3t.S 
200 150 
_.a_ .11-
t \ j o j ru 
o cn 
C\J O) r - o 
lO tn ^ mrn » ^ 
EX270 
20-JUN-91 13:27: 15 
xAccufnulatlon)( 
GBNUC 13C 
OFR 67.80 MHz 
EXHOD BCM 
POINT 32768 
PWl 5 .5 US 
FREQU 20000.0 Hz 
SCANS 194 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVNT CDCL3 
jtPnocessingK 
i BF 
EXREF 
*tPlot*t 
1.50 Hz 
77.00 ppm 
XS 
XE 
YG 
-477.7290 Hz 
15285.0100 Hz 
3.33 
OPERATOR : 
100 
" T 
50 
PPM 
0 
u x x n o . 
J ) 
Appendix I I I . 1 2 
7,9-Dibromo-5H-inQeno 1 ,2-bjpyriGine - 5-one (23H-) 
CT 2H5N0Br2 (CDCl^) 
Ko PPM FREQ (H: 
1 189 .379 A.82522 12865 .1 
2 163 .324 7 .09820 11095 .1 
3 154 .519 62 .28356 10497 .0 
4 143 .001 6 .80180 9714 .5 
5 134 .465 7 .21734 9134 .7 
6 132 .507 11 .78277 9 0 0 1 . 6 
7 131-896 66 .94321 3960 .1 
8 129 .039 51 .30193 8 7 6 6 . 0 
9 128 .176 11 .20362 8 7 0 7 . 4 
10 127 .457 13 .33478 8 6 5 8 . 6 
11 126 .235 46 .20353 8 5 7 5 . 6 
12 124 .007 68 .67352 8 4 2 4 . 2 
3b7 
1 
25-N0V-92 16: 14: 05 
xAccumulationx 
OBNUC 13C 
CFR 67.80 MHz 
EXMOD BCM 
POINT 32768 
PWl 5.0 us 
FREQU 20000.0 Hz 
SCANS 2500 
ACQTM 0.819 sec 
PO 1.181 sec 
SLVNT C0CL3 
xprocessir.gx 
BF 1.22 Hz 
EXREF 77.00 ppoi 
xPlotx 
XS 63.3989 Hz 
XE 1365*1.6100 Hz 
YG 3.50 
OPERATOR : 
3 
150 100 
" T " 
50 
mmmrurvrvj o x u 
Appendix I I I , 1 3 
Tetrabromo - 5 H-indeno 1, 2-b| pyridcLine 
No PPM I1IT(^0 FR15Q(Hz) 
1 148 .894 49.09244 10114.9 
2 148 .230 38.03317 10069.7 
3 134.843 17.96338 9160.3 
4 132.578 52.14948 9006.5 
5 132.219 51.07998 8982.1 
6 - 124.474 52.22791 8456.0 
7 122.408 80.44189 8315.6 
8 122.228 17.75626 8303 .4 
9 37.845 39.01187 2571.0 
St.*! 
*fProcessingJ( 
BF 
EXflEF 
1.22 Hz 
77.00 ppi 
OPERATOR : 
21-APH-93 13: 33: 01 
K A c c u m u l a t i o n K 
QBNUC 13C 
OFR 67.80 MHz 
EXMOD BCM 
POINT 32768 
PWl 5.0 us 
FREQU 20000.0 Hz 
SCANS 256 
ACQTM 0.B19 sec 
PO 1.181 sec 
SLVNT CDCL3 
68.1782 HZ 
ISBS-l-eiOO Hz 
2.24 
O 
r 
OTcn conj canru vr-wru 
cvruru 
loom 
Appendix I I I . 1 4 
DEPT Ivleaswrement of Tetrebromo-5Ii-indeno 1.2-b| p y r i d i n e (237) 
C^^E^mr^ (CDCI3) 
Mo PPM im{%) FREQ(Hz) 
1 U 8 . 5 2 9 +62.75336 10090.1 
2 131.872 +89.43915 8958.5 
3 122.078 +96.68095 8293.2 
4 37.282 -100.0000 2532.7 
3^l 
21-APR-93 13: 50: 36 
»(Accu^ iulationit 
OBNUC 13C 
OFR 67.80 MHZ 
EXMOD DcPT 
POINT 32768 
PWl 10.0 us 
FflEQU 20000.0 Hz 
SCANS 125 
ACQTM 0.819 sec 
PO 4.724 sec 
SLVNT C3CL3 
EProcess ing»i 
BF 
EXRcF 
«P10t»i 
1.22 .HZ 
101.36 ppm 
44.5688 HZ 
13654.6100 Hz 
1.00 
OPERATOR 
n 
Appendix I I I , 1 3 
7-nitro -5H.-indeno |^1,2-bj pyridine-5-one {^^B ) 
No PPM HIT (%) FREQ(Hz) 
1 188 .948 6.70354 12835.9 
2 162.892 8.23739 11065.8 
3 155.040 40.20445 10532.4 
4 149.973 6.70633 10188.1 
5 148.427 8.99141 10083.2 
6 135.507 11.89534 9205.5 
7 132.111 47.53668 8374.8 
8 130.404 51.64404 8858 .8 
9 129.362 8.05518 8788 .0 
10 124.726 38.87501 8473.1 
11 121.617 36.34389 8261.9 
12 119.353 50.85040 8108 .1 
an 3 
KProcessingx 
BF 
EXREr 
»(P10t« 
1.22 Hz 
77.00 ppm 
OPEHATOR : 
21-APR-93 U: 08: 42 
^(AccuaiulationM 
OBNUC 13C 
OFR 67.80 MHz 
EXMOD BCM 
POINT 32768 
PWl AA us 
FREQU 20000.0 Hz 
SCANS 250 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVNT C0CL3 
68.1782 Hz 
13654.6100 Hz 
2.68 
T fsTU 
o oro-
tn cncD in -^ nr 
I f ) U3rn toomo. 
Appendix I I I . I 6 
2O2 (CDCl^) 
No PPM INT(%) PREQ(Hz) 
1 244 .167 3.27745 16587.1 
2 157.969 6.61162 10731.4 
3 149.901 5.27203 10183.3 
4 149.218 44.16140 10136.9 
5 148.948 20.32632 10118 .6 
6 148.805 3.73706 10108.8 
7 148.068 6.47240 10058 .8 
8 146.828 6.07089 9974 .5 
9 144.187 7.92572 9795.1 
10 142.336 4.08178 9669.3 
11 138.436 10.51240 9404.5 
12 137.143 5.42631 93I6.6 
13 132.938 44.89068 9030.9 
14 132.848 25.76986 9024.8 
15 132.650 3.12170 9011.4 
16 132.525 3.12880 9002.8 
17 128.823 3.53627 8751 .4 
18 128.176 3.34138 8707 .4 
19 127.332 3.15120 8650.1 
20 125.732 24.27728 8541.4 
21 125.175 4.64217 8503.6 
22 123.522 25.12111 8391.3 
23 123.396 40.89267 8382.7 
24 123.037 3.02222 8358.3 
25 122.803 42.58369 8342 .4 
315 
No PPM PREQ(Hz) 
26 122.462 26.86157 8319.2 
27 121.599 3.07401 8260.7 
28 121.150 55.62733 8230.1 
29 120.611 35.90575 8193.5 
30 118.886 3.25457 8076.3 
31 117.179 3.64136 7960.4 
32 116.101 20.62802 7887.1 
33 34.809 27.24929 2364.7 
34 34.701 57.50012 2357.3 
35 34.521 4.29815 2345.1 
3Ho 
| i i i i [ i i u | T r i n i i ' n ^ 
36 35 34 33 32 31 X 38 37 
05-MAY-93 12: 09: 49 
»tAccuinulationi( 
OBNUC 13C 
OFH 67.80 MHz 
EXMQD BCM 
POINT 32768 
PWl 5.0 US 
FREQU 20000.0 Hz 
SCANS 2500 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVNT CDCL3 
*(Processingx 
BF 1.22 Hz 
EXREF 77.00 ppm 
XS 0.0000 Hz 
XE 20000.0000 Hz 
YG 
OPERATOR 
3.60 
200 
"T" 
150 100 "T 50 
So^^cxof^w^j^^rtxiyi^ COOT oonj co r ^ OCDO. curu 
I 1 
r 
Appendix I I I . 1 7 
7-amino-5H-indeno 1,2"bjpyriQine"5-one (2,^•l ) 
^12^8^^2^ (DMSO) 
No PPM im(%) PREO(Hz) 
1 192.309 26.19566 13064.2 
2 165.913 25.25807 11271.0 
3 153.909 90.34520 10455.6 
4 152.220 63.27037 10340.8 
5 136.300 34.69484 9259.3 
6 130.873 83.45020 8890 .6 
7 129.813 3S.66926 6818 .6 
8 127.225 36.58674 8642 .8 
9 122.212 86.98660 8302 .3 
10 121.421 86.68516 8248 .6 
11 118.744 89.87518 8066 .7 
12 108.987 100.00000 7403.8 
518 
210 
j W w 
35-JAN-93 12: 58: 38 
i(Accumulation»( 
DBMUC 13C 
OFR 67.80 KHZ 
EXMOD BCM 
POINT 32768 
PWl 5.0 us 
FREQU 20000.0 Hz 
SCANS 2500 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVriT OMSC 
eProcess ing»t 
BF 
EXREF 
KP10t»( 
1.22 Hz 
39.50 ppm 
3925.7810 Hz 
7138.6720 Hz 
2.22 
T — I — 1 — I — I — I — r 
200 
I I I I I I • ' • ' — I ' ' ' ' T" 
190 180 170 160 T — I 1 — I — I — I — I — 1 — I r 150 140 
-1 ' ' ' • I 
130 120 
OPERATOR 
(T 
oi o o nj 
O) OJ 
rn ru in in 
mm in 
CDCO OJ 
o o i mnj 
s i 
O) 
o 
A p p e n d i x 
5H-indeno 
11.18 
1,2-b p y r i G i n e - 5 - o n e N-oxide (ZU-9) 
iio PPM PREQ(Hz) 
1 191.733 6.84895 13025.1 
2 164.977 9.69238 11207.4 
3 153.962 71.69741 10459.1 
4 135.687 20.10459 9217.7 
5 135.328 75.80941 9193.3 
6 • 131.446 26 .15831 8929.6 
7 130.961 90.38587 8896.6 
8 125 .606 21.18670 8532.9 
9 124 .133 100.00000 8432.8 
10 123.253 95.56190 8373.0 
11 120.899 89.92075 8213.0 
12 120.683 16.08685 8198.4 
380 
67.80 MHz 
OBNUC 13C 
OFR 
EXMOD BCM 
POINT 32768 
PWl 5.0 US 
FREQU 20000.0 Hz 
SCANS 500 
ACQTM 0.819 sec 
PD 1.181 sec 
SLVNT C3CL3 
JtProcessingx 
BF 
EXREF 
*(Plott( 
1.22 Hz 
77.00 ppoi 
OPERATOR 
03-APR-92 09:41:53 
xAccumulationx 
65.7368 Hz 
13654.6100 Hz 
3.09 
r<D ID lO n>"'Tavrj 
ax\j ^ lO o onrcnoo trm ^ T) LD -^xctXT) 
UTD o i n 
m m m m c\i ojTxcunj 
i-MDmn. uDoma. 
Appendix IV, Developing Solvents f o r T h i n Layer 
Chromatography, 
Unless otherwise s t a t e d , the developing s o l v e n t used was 
5 0 / 5 0 petroleum s p i r i t ( 4 O - 6 O ) / e t h y l a c e t a t e . 
Key Solvent {v/v%) 
1e Chloroform (100^?) 
1b Dichloromethane {100^) 
1c E t h y l acetate ( 100%) 
582 
